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"I wish I could inundate you with pictures: pictures of deserted bathing beaches
covered with layers of rotting CZadophora instead of bathers; pictures of
bulldozers pushing Cladophora
into mountains;
pictures of front—end loaders
scooping CZadophora and loading trucks for disposal elsewhere or burial on the
beach.
With luck the next storm fails to uncover and redistribute the buried
material.
Pictures of bikini-clad young lovelies standing waist deep in
certain waters of either Lakes Erie,
Ontario, Huron,
or Michigan.
They would
sweep
their
arms
through the water,
raise their
arms and you
could
see
ten
pounds
of
green
stringy material festooning
their otherwise
delightful
limbs.
Aerial photographs of miles of uninterrupted Great Lakes shoreline in which
I would
pointout
square miles of
actively growing
meadows
of
light
green
CZadophora;
long bands
of
dark green
decomposing Cladophora
in the
shallow
waters
contiguous
to
the
shore;
and
the
yellow-brown
dried
crust
of
rotting
CZadophora
stretching
along
the
beaches
in
front
of
otherwise—desirable
lake
front
cottages.
The
only
stimulus
needed
to
complete
your
abhorrence
of
the
situation
would
be
the
accompanying
flies
and
pig-pen
odor
which
go
hand
in
hand
with
rotting
protein.
Gentlemen,
Cladophora
is
a
big
problem."
Excerpt
from
the
presentation
of
the
"Cladophora
Workshop
Report"
by
Carlos
M.
Fetterolf,
Jr.,
Executive
Secretary,
Great
Lakes
Fishery
Commission,
on
behalf
of
the
Standing
Committee
on
Eutrophication,
to
the
International
Joint
Commission
at
its
Annual
Meeting,
Windsor,
Ontario,
Canada,
July
28-31, 1975.
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NOTICE
The statements and views presented in these proceedings are
those from Mr. J. Neil's report and of the workshop participants,
and do not necessarily represent the views or policies of the
International Joint Commission or its Research Advisory Board and
Committees framework. Mention of trade names or commercial
products does not constitute endorsement or recommendation for use.
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PREFACE
The Standing Committee on Eutrophication of the Research
Advisory Board has been concerned with the problems created by
the alga Cladophora in Lakes Ontario and Erie, and the expansion
of its range into Lakes Huron, Michigan and Superior.
In order to identify research needs and priorities, it was
decided to have an indepth review of current knowledge prepared,
followed by a workshop meeting of scientists familiar with CZadophora
research and the problems created by this alga in the Laurentian
Great Lakes.
Under contract to Mr.
John Neil,
President of Limnos Ltd.,
Toronto,
a review paper was developed which provided the basis
for
discussion during the course of the workshop.
The workshop was
held
at
the
IJC
Regional
Office
in
Windsor,
19-21
February,
1975.
This
document
contains
the
results
from Mr.
Neil's
report
and
of
the
presentations
made
by
participants
at
the
workshop
meeting.
Drs.
Dennis
E.
Konasewich
and
Harvey
Shear
from
the
Regional
Office
have
undertaken
the
editorial
task
of
including
the
presentations
by
participants
and of
the
group
discussions
on
particular
topics
into
the
framework
provided
by
Mr.
Neil.
They
have
used
their
editorial
privilege
to
clarify
the
written
material
and
make
a
coherent
presentation
of
the
points
raised
during
the
discussion.
With
this,
it
is
hoped
that
the
publication
of
this
document
will
elucidate
the
existing
state
of
knowledge
about
CZadophora in
general,
and
on
the
Great
Lakes
in
particular,
and
will
stimulate
new
research
on
this
important
problem
of
lake
eutrophication.
  
 It
is
a p
le
as
ure
for
the
und
er
si
gn
ed
to
tha
nk
on
be
ha
lf
of
th
e
St
an
di
ng
Co
mm
it
te
e
on
Eu
tr
op
hi
ca
ti
on
al
l
th
os
e
wh
o
ha
ve
co
n-
tr
ib
ut
ed
to
th
e
su
cc
es
s
of
th
is
en
de
av
ou
r,
fi
rs
t
of
al
l
to
Mr
.
Joh
n
Nei
l
who
se
inp
ut
was
mu
ch
be
yon
d
his
co
nt
ra
ct
ual
obl
iga
tio
ns;
tha
nks
are
fur
the
r
due
to
Dr.
A.
E.
P.
Wa
ts
on
fro
m
the
Re
gi
on
al
Off
ice
for
the
inv
alu
abl
e a
tte
nti
on
giv
en
by
him
to
the
man
y
det
ail
s o
f o
rga
niz
ati
on
whi
ch
gre
atl
y e
xpe
dit
ed
the
act
ivi
tie
s
of
the
wor
ksh
op.
Fin
all
y,
we
app
rec
iat
e t
he
ted
iou
s w
ork
of
editing, carefully undertaken by the two editors.
Richard A. Vollenweider
Chairman
Research Advisory Board
Standing Committee on Eutrophication
SU
M
M
A
R
Y
This
publication
presents
a report
by Mr.
John
H.
Neil
on
"CZadophora
in
the
Great
Lakes"
and
summarizes
the
proceedings
of
a
workshop
based
on
Mr.
Neil's
report
and
held
at
the
Inter-
national
Joint
Commission
Regional
Office,
Windsor,
Ontario,
Canada
on
19-21
February
1975.
The
workshop
was
sponsored
by
the
International
Joint
Commission's
Research
Advisory
Board
Standing
Committee
on
Eutrophication.
The
report
and
workshop
proceedings
looked
at
the
Cladophora
problem
from
the
following
aspects:
History
of
Cladophora
in
the
Great
Lakes;
Distribution;
Biomass
and
Production;
Physical
and
Chemical
Requirements;
Analyses
of
Cladophora;
Ecology
of
the
CZadophora
Niche;
Control;
Economic
Impact;
Research
Needs.
 

 INTRODUCTION
"It
is
reasonable
to
assume
that
CZadophora
played
a
relatively
minor
role
in
aquatic
communities
before
the
activities
of
man
led
to
widespread
nutrient
enrichment.
Certainly,
it
is
hard
to
imagine
a
situation
where
massive
growths
could
develop
in
flowing
waters
without
man's
activities."
This
quotation
is
taken
from
a
review
paper
by
B.
A.
Whitton
(1970)
and
seems
to
describe
precisely
the
situation
in
the
Great
Lakes.
Indeed,
we
see
the
progressive
advancementof
eutrophication
from
Lake
Superior
to
Lake
Ontario
demonstrated
by the alga CZadophora.
The
following
paper
deals
principally
with
whatis
known
of
CZadophora
glomerata
in
the
Great
Lakes.
References
to
growth
in
ponds
and
streams
or
the
marine
environment
have
not
been
dealt
with
extensively.
Whitton
(1970)
provided
an
excellent
review
paper
dealing
with
this
alga
and
it
is
recommended
to
those
wishing
information
beyond
the
context
of
the
Great
Lakes.
Similarly,
information
on
life
history
has
been
excluded
as
a
number
of
texts
and
individual
papers
have
dealt
adequately
with
such
topics
as
anatomy and reproduction.
Limnologists
do not
appear
to
have
developed
a
serious
interest
in
CZadophora
until
the
late
1950's,
when
the
weight
of
public
opinion
forced
control
agencies
to
recognize
it
as
a
serious
problem.
Since
that
time,
significant
advances
have
been
made in
our
knowledge
of
the
plant.
 
 Neil and Owen (1964) demonstrated the important role of
phosphorus in promoting the growth of CZadophora in a field
study on Lake Huron. In 1967, Kishler submitted a thesis
which provided the first quantitative estimates of biomass
and production in the Great Lakes. He also described
seasonal development and gave a vivid qualitative descrip-
tion of ecological relationships within the Cladophora niche.
Fitzgerald in a series of papers has proposed methods for
measuring the nutrient status of the alga using simple
chemical tests. Storr and Sweeney (1971) developed a
theoretical seasonal growth response model based on tempe-
rature and photoperiod. Recently, Wezernak et al (1974)
reported on the results of distribution and biomass studies
of the U.S. waters of Lake Ontario based on a combination
of remote sensing and ground truth information.
While much has been learned, further testing and
sharpening of these tools is required, and some major gaps
in our knowledge mustbe filled before we can be sure that
the most effective and least costly means of control has
been determined.
The objective of this paper is to bring together current
knowledge and identify research needs with respect to
Cladophora in the Great Lakes.
 HISTORY
OF
CLADOPHORA
IN
THE
GREAT
LAKES
Historical
records
which
might
document
the
development
of
CZadophora
in
the
Great
Lakes
are
very
meagre
indeed.
Kishler
(1967)
and
Taft
and
Kishler
(1973)
made
a
careful
review
of
historical
documents
pertaining
to
Lake
Erie
and
found
references
to
growths
in
the
Cleveland
and
Ohio
Islands
areas
in
the
latter
part
of
the
19th
century.
A
few
further
references
are
included
in
their
publications
dating
from
the
late
1920's
until
the
time
when
Kishler
commenced
his
study,
but
little
definitive
work
is
available
which
might
serve
as
a
basis
for
measurement
of
changes
in
distribution
or
biomass with time.
A
similar
search
for
historical
information
pertaining
to
the
other
Great
Lakes
has
not
been
made
and
the
scientific
literature
provides
virtually
no
background
information.
One
interesting
exception
for
Lake
Ontario
are
two
papers
by
Kindle
(1915,
1925)
in
which
a
description
is
given
of
CZadophora
present
on
rocks
taken
from
46
m
(150
ft.)
of
water
26
km
(16
miles)
southwest
of
Presque
Isle
and
32
km
(20
miles)
southwest
of
Brighton.
The
alga
was
identified
by
a
Mr.
Collins
who
wrote,
"The
Cladovhora
is
indeed
C.profunda,
a
slender
and
irregularly-
b
r
a
n
c
h
e
d
f
o
r
m
wh
i
c
h
m
a
y
be
c
h
a
r
a
c
t
e
r
i
ze
d
as
"forma
ima"
of
v
a
r
i
e
t
y
N
o
r
d
s
t
e
d
t
i
a
n
a
.
"
F
o
l
l
o
w
i
n
g
t
h
e
s
e
o
b
s
e
r
v
a
t
i
o
n
s
,
l
i
t
t
l
e
a
t
t
e
n
t
i
o
n
w
a
s
p
a
i
d
t
o
C
l
a
d
o
p
h
o
r
a
u
n
t
i
l
t
h
e
m
i
d
d
l
e
1
9
5
0
'
s
,
w
h
e
n
c
o
m
p
l
a
i
n
t
s
o
f
C
Z
a
d
o
p
h
o
r
a
a
c
c
u
m
u
l
a
t
i
o
n
s
a
n
d
o
f
f
e
n
s
i
v
e
o
d
o
u
r
s
b
e
c
a
m
e
s
o
c
o
m
m
o
n
 that pollution control agencies could no longer ignore the
problem. In 1958, the Ontario Water Resources Commission
(now the Ministry of the Environment) commenced studies
directed toward an assessment of the problem and means of
control. Much of the information prepared for internal
reports, conference proceedings and published papers has
been compiled in the publication, "Reports on CZadophora
Investigation in Ontario 1958 to 1967 (MOE 1973)."
During the course of the interviews around Lake Ontario,
a number of persons who had a long association with the lake
were asked when, from their observations, Cladophtra became
widely established in the lake. In each case their answer
was in the late 1940's and early 1950's, and this seems to
set the date for its general establishment throughout the lake.
The CZadophora growths along the north shore of Lake
Ontario appear to have changed between 1960 and 1972 when the
IFYGL data were collected. In 1960, heavy growths populated
all suitable substrate at the west end of the lake. The
east end supported significant growths, but certainly much
less than in the Toronto—Hamilton area.
Owen's IFYGL data
shows that this situation has changed, as the greatest
standing crop was consistently produced in the east end of the
lake along remote stretches of shoreline.
In the absence of quantitative
historical data,
specu-
lation
on
the
pattern
of
(Zadophora
development
to
its
present stage and what the future holds is perhaps justified.
A
typical
pattern
of
areal
extension
of
Cladophora
growths
has
operated
in
the
past
and
is
evident
today.
It
becomes
abundant
first
on
suitable
substrate
such
as
boulders
 or bedrock in local areas where a recognizable source of
nutrient enrichment is present. As the level of fertility
in the lake increases, the areas influenced by local enrich-
ment become more extensive and fringe growths become generally
established. The final stage occurs when the nutrients
within the whole basin reach a level that will support
heavy growths on all suitable substrate.
The Islands area of Lake Erie has undoubtedly grown large
standing crops for a long time. Whether it always supported
heavy growths is questionable, but when it was first reported
about 100 years ago there were already significant quantities
of wastes leaving the Detroit, Sandusky and Maumee areas and
entering the limited circulation of the western basin.
Sewage and land drainage may well have raised an already
productive body of water to the level of fertility that would
support an extensive growth in this favourable physical
environment. With increasing populations and the extension
of sewer systems, suitable conditions seem to have developed
in the eastern basin of the lake around 1940.
Lake Ontario had problems of local growths
in the
Toronto area in the early 1930's and perhaps before.
By
the early
1950's,
extensive areas between Toronto and Hamilton
were
colonized,
and by 1958 virtually all suitable substrate
was covered by a lush green carpet of Cladophora up to two
feet
deep.
Accumulations
along
the
shore
decomposed,
much
to
the
distress
of
local
residents
who
sometimes
had
to move
out
of
their
homes
because
of
the
odours
that were
emitted.
By
the
early
1960's,
growths
were
general
east
of
Toronto.
However,
the
beds
were
not
continuous
and
the
filament
lengths
were
shorter
than
in
the
west
end
of
the
lake.
By
1972
when
Owen,
Moore
and
Sweeney
collected
their
samples
for
the
IFYGL
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.
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 Summary of Workshop Presentation
"HISTORY OF CLADOPHORA IN THE GREAT LAKES"
BY Dr. Clarence E. Taft
Ohio State University
Columbus, Ohio
1. Taxonomy of CZadophora
The exact species identification of Cladophora is
problematic. The extreme variability of the morphology and
the asexual reproduction in different habitats creates con-
fusion among the experts. One authority distinguished four
taxa in the Lake Erie populations. Most workers however,
have adhered to C. fracta or C. glomerata. The present trend
to use C. glomerata seems acceptable.
2.
Recorded 19th. Century occurrence of CZadophora in the
Great Lakes
Cladophora glomerata was reported from Lake Erie in
1848 and is assumed to have been conspicuous.
Sidney Smith
reported CZadophora glomerata
from Simmons Harbor,
N.
Shore
of
Lake
Superior,
9 August
1871
in
24
-
27
m.
The
species
was
dredged
in
immense
quantities
at
St.
Ignace
Island,
4
September
1871
from
15
-
24
m.
"Confervae",
probably
Cladophora,
washed
ashore
9 -
13
October,
1820
at
Venice,
Ohio.
The
south
shore
of
Lake
Erie
in
1828
was
reported
to
have
"vegetable
matter"
washed
in.
It
was
abundant
in
the
Bass
Islands
region
from
1865,
and
everywhere
in
the
Niagara
River
in
1882.
3.
Records
of
Cladophora
from
1900
CZadophora
glomerata
(?)
was
abundant
in
the
Islands
  
Reg
ion
of
Lak
e
Eri
e
fro
m
190
1
to
190
7.
It
was
ab
und
an
t
alo
ng
the
sou
th
sho
re
and
the
Isl
and
s
in
193
3.
Co
mm
er
ci
al
fis
her
—
men
sta
te
tha
t t
he
amo
unt
of
Cla
dop
hor
a w
as
gre
ate
r d
uri
ng
the
lat
ter
par
t o
f t
he
194
0's
.
It
is
in
all
the
Gre
at
Lak
es
at present.
4. Substrate and water movement
Shelving rock, stable boulders, and cliff faces where
cur
ren
ts
or
tur
bul
ent
wat
er
alo
ng
sho
re
lin
es
pre
ven
t s
edi
—
mentation. Polished rocks, movable rubble, and soft bottom
are unsatisfactory substrates.
5. Cladophora and algal succession
UZothrix is the shoreline invader in western Lake Erie
as the ice moves out. Stigeoclonium then appears while
CZadophora is slowly starting in the crevices along the shore
as water temperatures exceed 5°C., UZothrix and Cladophora
compete until water temperature reaches 10°C., after which
the Cladophora rapidly takes over the habitat, reaching its
greatest development at 180C. The summer beds are shared
with blue—green algae,_Asterocytis and Tetraspora. The
process reverses in autumn when UZothrix reinvades the shore—
lines as CZadophora declines.
6. Seasonal distributional pattern of Cladophora
Cladophora overwinters as a prostrate thallus or as
short basal portions of the upright filaments in rock crevices.
Growth is renewed in the spring at 50C. water temperature
and reaches its greatest development on the beds at 180C.
The mass of filaments detaches and follows longshore currents
until the mass is driven ashore or is carried into deep water
 11
by
descending
currents.
New
growth
from
the
remaining
"stubs"
results
in
a
less
prolific
summer
population.
Lower
autumn
temperatures
result
in
a
second
large
standing
crop
which
in
turn
detaches
as
water
temperatures
decline
toward
5°C.
Seasonal
patterns
suggest
their
control
is
isozymes
for
protein
synthesis
in
two
temperature
ranges.
7. CZadophora versus Bangia
Bangia,
a
Rhodophyceae,
was
discovered
at
one
location
on
the
south
shore
of
Lake
Erie
during
the
winter
of
1969.
The
alga
has
now
spread
throughout
the
Western
Basin
of
Lake
Erie
and
is
now
in
lakes
Huron
and
Michigan.
Evidence
noted
in
Sandusky
Bay
indicates
that
Bangia
dominates
the
CZadophora
habitat
in
the
shoreline
splash
zone
during
autumn
and
spring,
while
Cladophora
competes
there
only
during
the
summer,
but
at
all
times
in
the
zones
below.
8. CZadophora and pH
Cladophora
is
un
i
ve
r
s
a
l
l
y
a
s
s
o
c
i
a
t
e
d
wi
t
h
a
pH
of
7.0
or
above.
R
e
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s
of
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at
a
pH
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than
that
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a
l
.
C
e
l
l
s
o
f
t
e
n
b
e
c
o
m
e
e
n
c
r
u
s
t
e
d
w
i
t
h
c
a
l
c
i
u
m
c
a
r
b
o
n
a
t
e
c
r
y
s
t
a
l
s
.
9.
C
Z
a
d
o
p
h
o
r
a
as
a
b
i
o
l
o
g
i
c
a
l
s
u
b
s
t
r
a
t
e
CZadophora
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p
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c
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is
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m d
eli
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din
g,
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y h
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nt
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-
able.
11.
Qua
nti
tat
ive
met
hod
s o
f e
sti
mat
ing
Cla
dop
hor
a b
iom
ass
No method is completely satisfactory. The Kishler
method approaches satisfaction, but is inconvenient and
time consuming as it requires hand-picking individual plants
from within a measured area which may be submerged 2 to 3
meters. The unique part of the method is the manner in which
the area is delimited. The assumption that dry weight indi-
cates biomass is partly false because of epiphytes and non-
removable sediment. Ash weight also is not entirely sa—
tisfactory because of epiphytic diatoms, and carbonate
crystals enclosed within the lamellated cell walls of old
basal cells.
12. CZadophora biomass
Dry weight production of CZadophora at the South Bass
littoral zone during April to December, 1966 amounted to
approximately 1124 metric tons (1240 tons) from about 4 km2 (1000
acres). If the South Bass region included Kelleys Island and the
contiguous reefs, the figure rises to Over 8888 metric tons
(9800 tons) from 18 km2 (4500 acres).
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13. CZadophora and photosynthesis
The maximum rate of photosynthesis occurs between 15 -
200C. with medium light intensity, but the rate increases
from medium light to full sunlight. Thick cell walls prevent
light penetration and result in lower photosynthesis rates
than in thin-walled cells. Kishler reports that using
Benoit's (1964) calculations the 1966 CZadophora crop in
the Island Region of Lake Erie produced 12,698 metric tons
(14,000 tons) dissolved oxygen per 1233 In3 (one acre foot),
or 10 ppm.
14. CZadophora and phosphorus and nitrogen
The distribution of Cladophora within the confines of
the Great Lakes appears to be related to the pollution factor
and most probably to the phosphorus and nitrogen concentra—
tions,
with
very low concentrations
being
limiting.
Trouble
follows
additional
phosphate
beyond
concentrations
of
0.03
ppm phosphates.
A concentration of inorganic nitrogen beyond
0.3
ppm
will
generally result
in
renewed
algal
growth.
The
critical concentrations of both P and N can be raised by
natural
runoff,
however
sewage
pollution
is
more
likely
to
contribute
to
the
increase.
Decomposition
of
CZadophora
on
the
beaches,
or
in
the
drifting
masses
at
the
mud—water
interface
add
to
the
concentration
in
the
bottom
muds
and
consequently
to
the
upper
waters
after
storms
or
inversions.
15.
CZadophora
and
the
accumulation
of
elements.
Nitrogen
may
accumulate
in
Cladophora
approximately
30,000
fold
and
100
fold
for
Na.
Accumulation
of
heavy
metals
is
high
and
this
has
been
suggested
as
a
means
of
removal
of
radioactive
metals
from
water.
Cladophora
  
al
so
is
an
ef
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ct
iv
e
ac
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r
of
DD
T.
In
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s
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y
we
ig
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s
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.
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av
y
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Ma
ny
rep
ort
s
are
tha
t
Cla
dop
hor
a
is
ver
y
se
ns
it
ive
to
hea
vy
me
ta
ls
suc
h
as
cop
per
,
zin
c,
and
lea
d.
Som
e
rep
ort
s
do
not
sup
por
t
thi
s.
Co
pp
er
sul
fat
e
at
0.1
pp
m
has
el
im
in
at
ed
CZa
dop
hor
a i
n s
ome
inl
and
res
erv
oir
s o
f O
hio
.
The
re
is
a
dis
tin
ct
rel
ati
ons
hip
bet
wee
n C
u t
oxi
cit
y a
nd
pH
in
nat
ura
l
waters. Copper sulfate goes out of solution rapidly in
waters of high pH.
17. Economic aspects of Cladophora
Windrows of detached Cladophora on public beaches caused
much of the hue and cry about this alga. Recreation is big
business and anything that deters the movement of people to
lakes is a cause for alarm. Management costs increase when
personnel and power equipment becomes necessary to clean
beaches. Business all the way back to the recreation equip—
ment manufacturer suffers. CZadophora clogs municipal
water intakes or places a greater load on the purification
process. Fishermen recognize net cleaning as a necessary
expense. CZadophora beds provide ample areas for carp spawning
and indirectly contribute to this unwanted fish. Cladophora
overgrows walleye eggs on reefs in early spring, thereby
reducing aeration which in turn contributes to fungused
eggs and lower walleye hatches.
l8. Cladophora and eutrophication
Problems that concern CZadophora should be examined
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with
muchcare
and
thought.
Tinkering
with
the
environment
and the biota can lead to serious consequences unless
the
"bad"
is weighed against the "good" in the "balance of nature".
CZadophora
contributes
organic
matter
which
removes
oxygen
during
its
decomposition
and
this
then
instigates
a
sequential
chain
of
consequences
which
may
result
in
02
depletion,
septic
conditions,
organism
kill,
and
a
infertile
environment.
On
the
same
side
of
the
balance
is
man's
philosophy
that
anything
that
interferes
with
his
pursuit
of
pleasure
is
un-
acceptable
and
therefore
needs
to
be
eliminated.
In
the
other
pan
of
the
balance
are
the
thousands
of
tons
of
oxygen
con-
tributed
to
the
aquatic
environment,
the
unlimited
food
of
many
organisms,
the
cover
provided
for
others
that
eventually
are
eaten,
and
the
possible
control
of
pesticides
and
heavy
metals
in
the
aquatic
system,
as
well
as
direct
use
by
man
if
and
when
he
learns
economic
harvesting
procedures.
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CZa
dop
hor
a
gro
wth
s.
The
eas
t/w
est
gla
cia
l b
oun
dar
y a
cts
as
a d
ivi
der
for
CZa
dop
hor
a g
row
ths
.
Smo
oth
sub
str
ate
s m
ini
miz
e t
he
chances of CZadophora rooting. Glass substrate and
high calcium gives good Cladophora growth.
The waters with potential CZadophora growth should be
identified.
There should be biological maps for all nearshore
coastlines (spawning grounds, plant beds, etc.).
These would be useful for power plant siting.
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DISTRIBUTION
Lake Ontario
The most comprehensive information on Cladophora distribution
is available for Lake Ontario
During the IFYGL year (1972), an
attempt was made to determine CZadophora distribution in Lake
Ontario using remote sensing techniques supported by ground
truth studies in representative areas covered by the over-
flights.
In the U.S., these studies were conducted under
EPA contract by the Environmental Research Institute of
Michigan,
and the ground truth data was collected by the State
University College of New York at Oswego and Buffalo.
The results
of these studies were published by Wezernak et a1
(1974).
Canada undertook
a similar study of its shoreline
using
true
colour
photography.
Several
overflights
were
completed,
using
aircraft
and
photographic
equipment
supplied
by
the
Canadian
Centre
for
Remote
Sensing.
Ground
truth
information
was
collected
at
seven
locations
between
Oakville
and
Amherst
Island
one
to
three
times
during
the
summer.
At this time,
the information has not been prepared in a
report,
so
that
quantitative
information
of
distribution
in
Canadian
waters
is
unavailable.
In
the
early
1960's,
several
attempts
were
made
to
calculate
CZadophora
distribution
by
aerial
photography
in
western
Lake
Ontario.
At
that
time,
9.2
km2
(2,292
acres)
of
growth
were
estimated
to
be
present
within
the
3.05
m
(10
ft.)
contour
between
Toronto
and
Hamilton.
IlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
  
The U.S. IFYGL remote-sensing data reports that 66%
of
the
bot
tom
(to
5m
dep
th
con
tou
r)
alo
ng
the
sho
re
bet
wee
n
Niagara and Rochester supported Cladophora growths. (Average
width 277m). From Rochester east to Stony Pt., 79% of the
bottom in a band 350m wide was found to be growing Cladophora.
It is unfortunate that comparable data for the Canadian side
is not yet available. Observations by Owen and Neil since
1958 indicate that while the growth beds are not continuous,
essentially all suitable bottom supports a lush CZadophora
growth during the productive season.
Shoreline Accumulations
No quantitative information on the extent of accumulations
along the shore was found from U.S. sources. Neil and Owen
(1964) noted that in August, 1963, 47 of 153 kilometers of shore-
line east of Toronto were affected by Cladophora accumulations.
A similar series of observations was made by the author
on September 6, 1974. On this occasion, a small aircraft
was used to fly at low level around the perimeter of the
lake and notes were made of the percent of shoreline having
algae washed up on the shore or accumulated at the water's
edge.
Figure I illustrates the results of these observations.
It is of interest to note that the shoreline most affected
lay to the east of Toronto with the worst accumulations
in
the area of least development
in the lake.
The timing of
this flight was after the major problems for the year would
be
expected,
but
the
technique
is
simple
and
relatively
in-
expensive
and
provides
a
rapid
means
of
assessing
on
a quan-
titative
basis
the
location
and
seriousness
of
Cladophora
problems.
      
PERCENT OF SHORELINE
WITH CLADOPHORA
ACCUMULATIONS
SEPT. 6, 1974
Figure 1
Miles observed at
5%
—— 191
10%
—
66
15%
—
90
200/0 —
43
30% —
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Total observations—415 miles
Figure 1
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hor
iti
es
and
the
Min
ist
ry
of
Nat
ura
l R
eso
urc
es
in
Ont
ari
o i
ndi
cat
es
tha
t b
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h-
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as
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oug
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Depth Distribution
 
Early reports of Cladophora in depths to 50 meters were
described by Kindle (1915-1925) from the Presque Isle and
Brighton areas of Lake Ontario. The plants were classified
as CZadophora profunda and may not be the species currently
present in littoral growth areas.
Neil and Owen (1964) found CZadophora to grow in de—
creasing quantity to a depth of 7.7m in western Lake Ontario
and l3.8m in the clearer waters off Prince Edward County at
the easterly end of the lake.
A number of semi-quantitative observations are included
in "Reports on CZadophora Investigations in Ontario" (MOE
1958-67), indicating special and depth distributions and
shoreline accumulations for limited areas along the north
shore of the lake.
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Lake Erie
Much less information is available on the distribution
of CZadophora in Lake Erie and no similar attempt has been
made to map distributiOn by remote sensing techniques on a
lakewide basis. Taft and Kishler (1973) provided a detailed
description of CZadophora in the Island areas of Lake Erie
from observations made between 1965 and 1971. Their studies
indicate that CZadophora beds covered thirteen square kilometers
on shoals surrounding the Islands.
Much of the shoreline in the central and western basins
of the Lake consists of eroding banks, so that suitable areas
of attachment are not continuously available. The eastern
basin, however, has extensive areas of shelving rock and
luxuriant beds grow on all suitable outcrops and boulder
bottom.
The U.S. waters of the eastern basin were the subject
of a brief survey by C. Kleveno of EPA in 1968 (personal
communication). Scuba was used and the bottom examined at
five locations. In each case there was 100% cover on sig-
nificant sections of each transect covered. He estimated
that there were 90 square kilometers of growth beds on the south
shore within the eastern basin.
Schenk and Owen (MOE 1973) using aerial photography
estimated that there were 20 km2 of Cladophora growth along
72 kilometers of shoreline between Port Maitland and Fort Erie.
The photographs used were taken by the Canada Department of
Public Works
for shoreline erosion studies about 1960 and may
still
be
available
from
the
Canadian
Film
Library
in
Ottawa.
 The
Int
ern
ati
ona
l J
oin
t C
omm
iss
ion
rep
ort
ed
tha
t a
n
es
ti
ma
te
d
350
squ
are
mi
le
s
of
the
Un
it
ed
Sta
tes
ins
hor
e
wat
er
s
of
Lak
e E
rie
wer
e c
ove
red
wit
h C
Zad
oph
ora
(IJ
C 1
970
).
In
the
lig
ht
of
the
evi
den
ce
pre
sen
ted
her
e,
thi
s v
alu
e a
ppe
ars
much too high.
Shoreline Accumulations
 
Taft and Kishler note that only one beach in the Islands
area is regularly affected by heavy shore accumulations of
algae; others are affected intermittently. Beaches on the
Canadian side of the eastern basin are subject to continuing
problems each summer over extensive areas of shoreline. Neil
and Owen (1964) reported that on July 17, 1963, 50% of the shore-
line from Fort Erie to Port Maitland (80 kilometers) had CZadophora
accumulations, some 16 m wide and 0.75 m deep. Sweeney
(personal communication) described similar conditions
affecting shorelines from Erie to Buffalo.
Little or no information seems to be available on
CZadophora in the central or western basin other than the
Ohio Islands area, however, it is not believed to grow
extensively because of unsuitable substrate and is,
therefore, not produced in sufficient quantities to cause
problems.
Lake Huron
A description of the distribution of CZadophora on the
U.S. side of Lake Huron has been provided by John Robinson
of the Michigan Water Resources Commission from observations
made at the end of August, 1974.
He concludes that little
growth occurred along the Huron shoreline from Tawas City
north, except in localized areas. From Tawas City to Bay
23
Cit
y,
CZa
dop
hor
a w
as
obs
erv
ed
to
gro
w a
bun
dan
tly
whe
rev
er
sui
tab
le
sub
str
ate
was
pre
sen
t,
but
no
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umu
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ion
s
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e
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erv
ed
on
bea
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s.
The
sou
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ast
erl
y s
hor
e o
f S
agi
naw
Bay
fro
m B
ay
Cit
y t
o C
ase
vil
le
is
mar
shy
,
but
eas
t o
f C
ase
vil
le,
lux
uri
ous
gro
wth
s w
ere
pre
sen
t o
n b
rea
kwa
ter
s a
rou
nd
the
thu
mb
and
sou
th
to
Har
bou
r B
eac
h.
No
gro
wth
s o
f s
ign
ifi
can
ce
wer
e
noted south of Pt. Sanilac. It would appear that growths
are
sti
mul
ate
d b
y l
oca
l e
nri
chm
ent
in
Sag
ina
w B
ay
and
tha
t
they extend south for a few kilometers down the Huron shoreline.
The Canadian shore of Lake Huron supports CZadophora
growths in local areas subject to point sources of enrich—
ment. Moderate to heavy growths have occurred at Goderich,
Douglas Point and Port Elgin, and lesser growths have been
observed in the vicinity of Pt. Clarke, Kincardine and Southhampton.
In 1969 Osmond (personal communication) conducted studies
in Lake Huron in which he measured the percent cover of
Cladophora using scuba gear on a 4000 m2 plot of suitable
substrate at a number of the above locations. Plans were
made to duplicate these surveys, conduct a remote sensing
survey to document distribution and measure productivity
using artificial substrate during 1974 in support of the
IJC Upper Great Lakes Reference study. Little growth was
found to develop on the bottom or on the artificial substrates
such as glass plates or Styrofoam blocks because of unusually
high turbidity during the growing season, and suitable water
clarity was not obtained for aerial photography.
Lake Michigan
The literature and personal contacts made provided only
qualitative information on growth areas in Lake Michigan.
No attempt appears to have been made to obtain information
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Descriptive information of conditions along the south-
eastern shore has also been made available by John Robinson.
A survey made in 1966 indicated that 96 kilometers from South
Haven north to Pentwater were intermittently affected by
light growths of CZadophura which did not create severe
problems. It is interesting to note that at that time a
major problem was caused by Spirogyra, an uncommon nuisance
alga in the Great Lakes. CZadophora growths have been
reported at the north end of the lake in the Vicinity of
Traverse City.
Lake Superior
Cladophora is not widely distributed in Lake Superior,
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n m
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"DISTRIBUTION OF CLADOPHORA"
BY Dr. C. T. Wezernak
Environmental Research Institute of Michigan
Ann Arbor, Michigan
ABSTRACT
Multispectral remote sensing data were
collected along the U.S. shoreline of Lake
Ontario as part of the International Field
Year on the Great Lakes (IFYGL) program in
Lake Ontario. Data were processed to show
the distribution of Cladophora in the near-
shore zone and to estimate the standing crop.
The present report deals with CZadophora
distribution in the region from Niagara to
Rochester, New York.
The results show an extensive growth and
development of CZadophora in the study
area. Approximately 66% of the nearshore
zone in the western portion of the lake is
covered by CZadophora. The results demon-
strate the potential of remote sensing
technology for determining the distribution
of benthic communities.
1We wish to thank Dr. C. T. Wezernak for
permission to reprint the following report.
This work was supported by the U.S. Environ-
mental Protection Agency, Grant 800778.
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A . INTRODUCTION
The inflow of nutrient-rich waters from tributary sources
together with nutrient loading from major population centers
around Lake Ontario is sufficient to maintain a relatively high
level of productivity in the lake. In the case of Lake Ontario,
productivity is evidenced in part by an extensive growth and
development of CZadophora.
The emergence of a dominant species of algae will depend
on a number of physical and chemical factors. In nearshore
areas, benthic algae will develop under suitable conditions on
all hard surfaces. At one point in the life cycle, the algae
become detached through wave and wind actionand are normally
deposited on the beach. From the Viewpoint of the shoreline
property owner, subsequent decomposition of large masses of
CZadophoru produces highlyobjectionable conditions which detract
from the aesthetic and recreational values of the nearshore zone.
Any attempt to delineate the distribution (and estimate the
standing crop) of benthic algae or aquatic macrophytes must face
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spectral data collection was initiated along the U.S. shoreline
on June 20, 1972 and completed on July 31, 1972 from altitudes
of 397 m (1300 ft) and 610 m (2000 ft), respectively.
1. MULTISPECTRAL SENSOR SYSTEM
The ERIM M—7 multispectral scanner was used for remote
sensing data collection (Hasell et al., 1974). Use of this
instrument permits simultaneous data collection in twelve narrow
spectral bands over a wavelength dispersing the radiation spectrally
and filtered detector arrays placed at the focal points of a
double—ended optical-mechanical scanner. Additional detector
positions are used for spectral bands in the ultraviolet and the
infrared.
Signals from the detectors are recorded on magnetic tape
for later image reconstruction and data processing. As an integ—
ral feature of the system, reference lamps, an input proportional
to the sun energy, and adjustable temperature reference plates
are viewed each revolution of the scanner mirror.
The basic con-
figuration of the scanner is shown in Figure l.
The scanner is positioned in the aircraft so as to provide
Continuous scanning perpendicular to the flight line. As the
aircraft advances, the rotating mirror scans the scene over a
o . . . .
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field of View, in a regular manner so that a continuous
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presentation is built up line by line. In addition to data
collected by the multispectral scanner, photographic data are
normally collected along the flight track. In this particular
program, black—white and colour photographic records were ob-
tained.
2. REMOTE SENSING CONSIDERATIONS IN CLADOPHORA
RECOGNITION
The radiant energy received by an optical remote sensing
instrumental system oriented towards a water body consists of
components of (l) scattered radiation from the intervening
atmosphere and (2) reflected radiation from the scene. At depths
(and wavelengths) where radiation penetrates to the bottom, the
latter component includes bottom reflectance, volume reflectance
from the water column, and reflectance from the water surface.
Using the ERIM multispectral scanner, incident radiation is
measured by a sun sensor and emanating radiation is measured by
the scanner system. Utilization of this information to describe
bottom features which result in radiation changes requires a
model or models which account for the important interactions
and their effects.
Since the signal reflected from the bottom must pass through
the intervening water column, the reflectance reaching the sensor
at a given wavelength will be dependent on the volume attenuation 1
 cha
rac
ter
ist
ics
of
the
wat
er.
Att
enu
ati
on
is
a f
unc
tio
n o
f t
he
thi
ckn
ess
of
the
wat
er
lay
er
and
the
abs
orp
tio
n a
nd
sca
tte
rin
g
properties of the water. These properties, in turn, are a
function of water quality. Examination of a portion of the scene
in a single spectral band (Figure 2) illustrates the increasing
attenuation with depth and underscores the need for a water-
depth invariant processing procedure.
In practice the sensor output is recorded as voltage (v)
on magnetic tape. Neglecting atmospheric effects, the bottom
reflected signal in a given spectral channel may be written as:
v = Vs + k p e ~(sec O + sec ¢) dz
V = voltage received
V = surface reflectance
k = constant which incorporates solar irradiance and
scanner characteristics
0 = bottom reflectance
O = viewing angle (from vertical)
¢ = solar illumination angle (from vertical)
a = volume attenuation coefficient (absorption coefficient
+ scattering coefficient)
l
l
2 water depth
Since water depth is variable, the signal received from an
identical bottom feature will vary with depth. From an
 9.3-1
1.7 u
m
0.52-0.57 um
MULTISPECTRAL IMAGERY—LAKE ONTARIO NEAR NORTH HAMLIN, N. Y.
20 JUN
E 1972
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constant. Use of the above expression for differentiating
between Cladophora and background features requires the selection
of spectral bands which meet the following conditions:
1. Attenuation coefficients are equal or may be
assumed to be equal.
2. Significant differences in reflectance occur in
the two spectral bands between CZadophora and
other bottom features.
Given the problem of differentiating between two different
bottom features the following expressions may be written, subject
to the conditions stated above:
For material A,
 
-a —
(A, Al) (Al) - RA
V -b
(B, A2) (A2)
For material B,
V -a =
(B, Al) (Al) RB
;
V
—b
rs (B, A2) (A2)
The constants "a" and "b" above as well as the average values
of RA and RB, are determined from plots of the observed signals
 in
the
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ne
for
mat
eri
als
A a
nd
B.
An
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val
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RY
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n c
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a "
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two
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is
mad
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using the criterion, R
> >
A Rx R
B.
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a
more complex multi-channel spectral signature approach.
3. DATA PROCESSING PROCEDURES
Mac
hin
e p
roc
ess
ing
of
mul
tis
pec
tra
l s
can
ner
dat
a f
or
CZa
dop
hor
a
recognition was accomplished using analog and digital processing
techniques. The aircraft scanner analog data were convertedto
digital format. In the process six original scan lines were
smoothed for each line of digitized data. The smoothing factor
employed was designed to produce a data set with the proper aspect
ratio and to optimally use the redundant data produced by over-
scanning the scene. Data were also angle corrected.
Within each site selected for digital processing line prints
were made through areas identified in the ground—truth as con-
taining CladOphora and background. Scatter plots were made using
selected pairs of channels to determine voltage offsets and the
ratio values which separate CZadophora from background.
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Using the above procedures,
digital maps were produced
using spectral bands 0.48 um to 0.52 um and 0.52 pm to 0.57 pm.
A near—infrared band was used to edit out land areas.
An automatic
point count of areas occupied by CZadophora was available for
conversion into unit areas.
The ratio technique described above was
also used with an
analog processor to produce enhanced imagery.
Although the
preprocessing steps normally used with digital processing were
not included,
the results demonstrated an improved Cladophora
discrimination capability.
The importance of setting the necessary
offsets was also demonstrated by the results.
4. GROUND TRUTH DATA
Ground
truth
information
at
five
locations
in
the
area
between Niagara and Rochester was collected by the Great Lakes
Laboratory,
State
University
College
and
Buffalo
as
part
of
the
chemical—biological
study
of
the
nearshore
zone.
The
nearshore
zone
study
extended
from
shore
to
the
6 meter
depth
contour,
a
distance
of
approximately
0.5
kilometers.
Remote
sensing
flights
took
place
on
20
June
1972
and
31
July
1972.
The
available
ground
truth
data
were
collected
during
the
period
27 July 1972 and 1 August 1972.
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ri
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o d
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Data processing extended out from shore an average distance
of
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ers
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s d
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n d
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summarized in Table 1 show that approximately 66% of the near-
shore zone was covered with Cladophora and that the standing crop
expressed as dry weight was equal to 1.57 x 104 kg per kilometer
of shoreline for a strip 350 meters wide (5 meter depth contour).
D. CONCLUSIONS
The results of the airborne multispectral data collection
program along the U.S. shoreline of Lake Ontario presented in
this report led to the following conclusions:
1. An extensive growth and development of CZadophora
takes place in the nearshore zone on hard surfaces
and other areas of "firm" bottom.
2. Approximately 66% of the nearshore zone between Niagara
and Rochester was covered by Cladophora. Expressed as
dry weight, the standing crop was equal to 1.57 x
104 kg per kilometer of shoreline within a strip 350
meters wide. A shoreline strip of this width extends
to approximately 5 meter depth contour.
3. Remote sensing provides an effective technique for
determining the distribution of benthic algae. The
potential of remote sensing technology to map aquatic
communities, to estimate biomass, and to identify
important changes in the life-history of the community
should be further explored. A carefully controlled
series of experiments is indicated as logical extension
of the work initiated in this program.
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General
Discussion
Following
Presentation:
 
Question:
Answer:
Question:
Answer:
Question:
AnSWer:
Comment:
Question:
Answer:
What
is
the
ground
truth
resolution
of
these
photographs?
Two meters by six meters.
What
is
the
value
of
remote
sensing?
Historically,
it
was
used
to
survey
shorelines
at
5-year
intervals.
It
can
now
be
used
to
evaluate
sites
for
treatment
plants,
and
in
the
long
term
can
tell
you
if
the
treatment
is
good
or
bad.
What
is
the
time
factor
involved
in
remote
sensing?
With
an
aircraft
travelling
at
222
km/hr,
a
survey
can
be
completed,
and,
using
Analog
processing,
the
data
presented within 48 hours.
Ship
costs
are
now
acceptable
for
survey
work.
However,
with
increasing
costs,
aerial
surveys
may
be
a
future
research
tool.
The
overall
economic
aspects
must
be
considered.
Pollution
From
Land
Use
Activities
Reference
Group
was
running
a
pilot
study
on
remote
sensing
to
obtain
near
real
time
transmission
for
remotely
sensed
data
to
surface
vessels in
order
to
supplement
shipboard
data,
and
to
increase
efficiency
of
ship
sampling
operations.
How
do
you
know
upon
what
sort
of
substrates
the
CZadophora is growing?
We
use
ground
truth
"signature"
markers
that
are
easily recognized in photographs.
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BIOMASS, STANDING CROP AND PRODUCTION
Information on the biomass of CZadophora was collected
from the various researchers who have conducted studies on the
Great Lakes. The only extensive quantitative information
found came from the IFYGL studies on Lake Ontario and Kishler's
studies of the Islands area and the eastern basin of Lake
Erie. (Kleveno)
There is a considerable amount of information on
production available from impact studies where the samples
have been collected in local areas, usually from fringe
growths on breakwalls and artificial substrates such as styro—
foam blocks, glass slides and plexiglass sheets. The results
of such studies are valuable in measuring local effects around
individual outfalls, and CZadophora growth potential on
a lakewide or lake—to—lake basis. In the opinion of the author,
however, great care should be exercised in the extrapolation
of information collected from surface fringe growths or sus-
pen
ded
ver
tic
al
sur
fac
es
int
o g
ene
ral
pro
duc
tio
n a
nd
bio
mas
s
fig
ure
s f
or
the
lake
.
It
is
a c
omm
on
obs
erv
ati
on
tha
t C
Zad
o—
phora on the lake bottom undergoes a pattern of seasonal
dev
elo
pme
nt.
Cha
nge
s o
ccu
r i
n t
he
app
ear
anc
e o
f t
he
pla
nt
and
its associated epiphytes and macrofauna. Fringe growths differ
fro
m b
ott
om
gro
wth
s i
n t
hat
the
y l
ive
in
ass
oci
ati
on
wit
h
dif
fer
ent
org
ani
sms
,
rem
ain
gre
en
dur
ing
muc
h o
f t
he
ope
n-
wat
er
sea
son
and
are
sub
jec
t
to
di
ff
er
en
t
for
ces
tha
n
be
nt
hi
c
po
pu
la
ti
on
s.
Th
ey
co
ns
ti
tu
te
a
mi
ni
sc
ul
e
qu
an
ti
ty
in
re
la
ti
on
to
the
br
oa
d
mea
dow
s
pre
sen
t
on
the
bot
tom
,
and
for
thi
s
rea
son
sh
oul
d
not
be
con
sid
ere
d
re
pr
es
en
ta
ti
ve
of
Cla
dop
hor
a
in the lakes.
  
Collection of samples to measure biomass on the bottom
have generally been made using similar but not identical
techniques.
The CZadcphora is collected by scuba divers who
scrape it from within an enclosed area of the bottom.
The
samples are washed to remove extraneous material,
refrigerated
and
delivered
to
the
laboratory
for
analysis
of
wet,
dry
and
occasionally ash and volatile weights.
Lake Ontario
During
the
IFYGL
year
(1972),
a
project
with
the
objective
of
delineating
the
distribution
and biomass
of
Cladophora
in
Lake
Ontario
was
planned
and
executed.
The
participants
in
active
field
work
included
remote
sensing
by
the
Canada
Centre
for
Remote
Sensing
(CCRS)
and
the
Environmental
Research
Institute
of
Michigan
(ERIM).
The
ground
truth
biomass
sampling
was
done
by
the
Ontario
Ministry
of
the
Environment
(Owen),
State
University
College
at
Buffalo
(Sweeney)
and
State
University
College
at
Oswego
(Moore).
At
this
time,
a
report
(Wezernak
1974)
has
provided
the
results
of
studies
on
the
U.
S.
shore,
but
no
integrated
report
on
Canadian
findings
has
yet
been
published.
Data
from
the
biomass
studies
on
the
Canadian
side
have
been
made
available
and
used
in this report.
The
biomass
collections
were
made
at
various
depths
using
scuba
gear
as
previously
described.
Sampling
by
Owen
was
done
from
June
4th
to
August
17th,
1972
and
Cladophora
samples
were
taken
along
eight
transects
at
Bath,
Emeric
Pt.,
Point
Petre,
P
r
e
s
q
ue
Isle,
Cobourg,
W
h
i
t
b
y
and
O
a
k
vi
l
l
e
at
depths of 1.5, 3.0 and 5.0 meters.
Collections
were
made
by
Moore
in
the
eastern
near—
shore
areas
of
Lake
Ontario
at
five
locations,
Stony
Pt.,
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Nine Mile Pt., Lakeside, Sterling and Sodus.
Depths from one
to six meters were sampled. Sampling was done from May 30th
to December 6th, however only data from June 18th to August
22nd were available. (LOTEL 1973)
Sweeney provided ground truth information from five
locations in the area between Niagaraand Rochester. The
data were collected during one period, July 27th to August lst,
1972 at 1 to 6 m depths.
Table 1 presents a summary of results obtained from the
three Lake Ontario investigations.
Results reported by Owen are generally a mean of three
or more replicate samples taken at each depth. The highest
biomass reported was collected at Emeric Pt. on the south
side of Amherst Island (329.5 range 188-719 g-dry weight/m2).
July samples collected at Pt. Petre and Presque Isle were the
next highest 269 and 266 g/m2, respectively. All three
locations are in the easterly end of the lake, the first two
in very remote areas distant from any source of local enrich—
ment.
Dat
a
fro
m
Moo
re'
s
and
Swe
ene
y's
inv
est
iga
tio
ns
in
di
ca
te
d
a s
mal
ler
bio
mas
s o
n t
he
sou
th
sho
re
wit
h t
he
gre
ate
r q
uan
tit
y
again present in the east end of the lake.
Th
e
av
er
ag
e
bi
om
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s
fr
om
sa
mp
le
s
co
ll
ec
te
d
by
Ow
en
in
La
ke
On
ta
ri
o
wa
s
22
4
g/
m2
at
1.
5m
,
19
3
g/
m2
at
3.
0m
an
d
100
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2
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5.0
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mos
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od
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ref
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d
du
ri
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th
e
la
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we
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Ju
ly
sh
ow
ed
th
e
gr
ea
te
st
bi
om
as
s
at
6.
0m
.
Th
is
su
gg
es
ts
th
at
th
e
 TABLE 1
LAKE ONTARIO
Bath
Average Biomass P
er Month (g—Dry w
eight/m2)
Pt.
Pe
tr
e
Presqu'ile
Oakville
Mean
(g/mz
)
Owen
June
Emeric Pt.
N.S.
Cobourg
119.38
Whitby
N.S.
All Lo
cation
s
158.06
   
115.72
N.S.
N.S.
239.09
(125-313)
214.65
(121-393)
N.S.
'72
268.98
(1
58
-8
02
)
50.31
266
.41
(4
2—
10
62
)
140.31
211.40
(73—338)
51.58
164
.37
(87-
275)
N
.
S
.
96.92
(24—262)
N.S.
'72
329.58
(188-719)
27.91
Ju
ly
224.33
Aug. '72
67.
52
Moore
Stoney
Point
(
2
4
—
3
4
)
( 10
—106
)
Nine M
ile Po
int
 
June 26—July 3
July 18—21
Aug.
18—22
Sweeney
July 27—Aug.
LAKE
ERIE
Kishler
N.S.
141.5
82.5
Stn.
Village
Intake N.
June
Ju
ly
August
Kishler
132.86
186.62
(9
2-
43
0)
91.37
Kelley's E.
(33-
217)
( 0—184)
207
1 42.85
( 0-128)
120.66
77.66
2.16
Stn.
(0—
85)
Miller
House
(0—536)
(3-339)
(0-
7)
216
51.
05
Gibraltar E.
114.79
N.S.
N.S.
Kelley's B
82.06
N.S.
N.S.
Buc
key
e
P
t
.
June
July
August
N.S.
N.S.
149.48
N.S.
-
No
Sample
N.S.
54.
71
N.S.
N.S.
100.63
N.S.
( 87-193)
Lakeside
169.66
206.33
40.
16
Stn.
222
106.17 ( 0—
474)
Hatchery
Intake N.
120.17
30.68
(3-
100
)
116.75
N. Bass
Fox's
N.S.
66.68
(64—69)
N.S.
( 29—178)
Sterling
Sodus
(0—8
25)
(38-
368)
( 8—
102)
Middle
Bass N.
60.5
50
.5
8.5
(27—
118)
( 0-104)
( 0— 22)
Stn. 228
59.76 ( 0—168)
Middle
Sister Twr.
St
n.
4
1
.
5
N.S.
94.
16
3.66
(9-
291
)
(0— 10)
237
(0—1
11)
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a
Cliffs
 
N.S.
66.43
N.S.
Honey
Point
N
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S
.
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Lighthouse Pt.
N.S.
111.86
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Mill Pt.
116.94
114.03
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77.56
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N
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S
.
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N
.
S
.
MeanA(g/m2)
All Locations
N
.
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.12
N.S.
63.99
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N.S.
55.20
N.S.
112.5
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.0
104.06
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CZadophora
had
been
loosened
previously
from
the
growth
areas
and
had
been
moved
out
into
deeper
water.
Owen's
data
were
also
compared
seasonally
for
samples
taken
all
depths
to
determine
the
period
of
maximum
biomass.
The
maximum
crop
was
found
to
be
present
in
early
July.
(June
4th
to
20th
-
158
g/m2,
July
5th
to
12th
-
224
g/m2,
August
15th to 17th - 67 g/mz).
The
overall
mean
for
Owen's
samples
from
the
IFYGL
study was 168.6 g—dry wt./m2.
An attempt was made to determine production based on a
plot of seasonal data by the various IFYGL authors, but the
information available was not sufficient.
This is a general
problem with the biomass information as it does not follow
the development of CZadophora from the time the plant
commences growth in the spring. Most of the information
available starts in the latter part of June and carries through
the summer. It misses the early development stages and
sometimes the peak biomass period. Sweeney's samples were
collected only once between July 27th to August lst. His
data were used in the estimates of the Lake Ontario biomass
but they may notbe comparable to the information of the
other studies.
The information collected for IFYGL did not provide
anything on the fall production period. Kishler is the only
person who has reported results for this period, and while
production is less than spring, it is still a very significant
part of the annual crop. Records obtained from the Ontario
Hydro Pickering Station show that their major intake of
CZadophora occurs between October and December. The observation
that the level of nitrogen and phosphorus increases as the
  
  
season progresses suggests that while the fall biomass may be
somewhat less than spring, it may play an equally important
role in nutrient exchanges within the lake.
An estimate of the standing crop of CZadophora for Lake
Ontario has been made based on the biomass figures of the
three investigators and Wezernak's informationon distribution.
The author wishes to emphasize that a number of assumptions
have been made and the data used are undoubtedly somewhat
weak. Nonetheless, the figure should give some approximation
of the total biomass and may serve as the basis for an im-
proved calculation when better data become available.
In making the estimate, Wezernak's figures for standing
crop on the south shorewere used. The calculation for the
Canadian shore is based on the mean dry weight of samples
collected by Owen and the total kilometers of shoreline, less
areas which are known not to produce Cladophora.
Hydrographic
charts indicate the slope of the bottom on both sides of
the
lake
to
be
approximately
the
same,
so
a mean
of
the
offshore
distance
supporting
growth
found
by Wezernak
(313.5m)
was used for Canadian waters.
Table
2
indicates
that
the
estimated
total
area
and
standing
crop
was
187
sq.
kilometers
and
19,500
metric
tons
(21,500 tons).
Lake Erie
Only
two
sources
of
biomass
information
were
found
for
Lake
Erie,
work
by
Kishler
(1967)
and
the
results
of
a
cursory
sampling
survey
by
Kleveno
(personal
communication)
in 1968.
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STANDING
CROP
(DRY
WT.)
LAKE
ONTARIO
Niagara to
Rochester:
Rochester to
Stony Pt.:
Canadian
Shore:
Total L. Ont.:
JULY, 1972
No. of
Sq. Kilometers
45.1
 
Metric Tons Per
 
Total
Metric Tons
 
Sq. Kilometer Standing Crop
40 1,814
82 4,399
151 13,297
19,510
 Kishler undertook a careful investigation of CZadophora
in the Ohio Islands area of Lake Erie and measured standing
crop by season, location and depth, at a number of sampling
sites around the Islands. He expressed his biomass in novel
terms by reporting that "some 1010 miles, or 10—3 light years
of filaments grow under 18 square kilometers of cover around the
Ohio Islands." Elsewhere, he indicated that the CZadophora
filaments produced in thirteen square kilometers around the Islands
would "approximate a solid sheet of filaments 5,698 square
kilometers by one filament (50p) thick."
On a comparative basis with the Lake Ontario data, his
average biomass collected during the summer was 100 g/m2 dry
wt. while the mean for Owen's data in Lake Ontario was 168 g/m2.
Kishler states that "annual
production covering some
13 square kilometers at the Ohio Islands
is
9,070 metric
tons
dry weight" (700 metric tons per sq. kilometer). Unfortunately,
the text of his thesis does not indicate how this
"production"
figure
was
calculated.
It
is
not
a
standing
crop
figure
as
his
data
in
g/m2
are
less
than
Owen's
for
Lake
Ontario
where
the
standing
crop
was
estimated
at
150
metric
tons
per
square
kilometer.
Presumably,
he
estimated
that
some
ten
times
the
mean
standing
crop
is
produced
over
one
season.
Kleveno
collected
data
on
two
occasions
from
five
locations
in
U.S.
waters
of
the
eastern
basin.
His
figure
were
reported
as
organic
content,
presumably
loss
on
ignition,
as
155
g/m2
or
155
metric
tons
per
square
kilometer.
If
the
organic
content
was
50%
of
the
dry
weight,
the
figures
on
a
dry
we
i
g
h
t
basis
would
be
doubled.
He
also
estimated
that
the
eastern
basin
c
o
n
t
a
i
n
e
d
9
1
s
q
u
a
r
e
k
i
l
o
m
e
t
e
r
s
o
f
C
l
a
d
o
p
h
o
r
a
c
o
v
e
r
.
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The
effect
of
water
levels
on
CZadophora
production
is
largely
unknown.
As
a
general
observation,
periods
of
high
water
appear
to
produce
less
algae
and
the
present
condition
of
the
Great
Lakes
is
reported
to
be
better
than
in
recent
years.
One
attempt
at
quantifying
growth
areas
with
lake
level
was
t
made
by
Ormerod
(1970).
Table
3
indicates
that
on
the
north
3
shore
of
the
eastern
basin
of
Lake
Erie,
a
drop
of
0.75
m
 
increased
the
area
suitable
for
algal
growth
by
more
than
30%.
Conclusion
Biomass
data
suffer
from
the
fact
that
synoptic
samples
w
have
not
been
taken,
units
used
have
not
always
been
comparable
and
only
estimates
are
available
of
the
area
producing
Clado-
phora.
Nonetheless,
some
extremely
useful
information
has
been
compiled
by
various
researchers.
Future
studies
could
produce
a
reasonably
accurate
estimate
of
the
biomass
using
a
combination
of
remote
sensing,
standard
biomass
sampling
techniques
and
synoptic
surveys.
Ground
truth
collections
should
be
made
several
times
during
the
growing
season.
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Summary of Workshop Presentation
"BIOMASS OF CLADOPHORA"
BY Dr. Richard B. Moore
Lake Ontario Environmental Laboratory
Oswego, New York
Biomass of CZadophora glomerata was examined during
the IFYGL Program (1972—73) and at two power plant sites on
Lake Ontario. Data collected included wet, dry and organic
weights, chlorophylls a, b and C and pheophytin a. Samples
were collected at one meter intervals to a depth of six meters
with a benthic sampler. Location of IFYGL sample transects
and Ginna Nuclear Power Plantand Sterling Power Plant Site
are shown in Figure l.
Abiotic parameters taken during the IFYGL samplings
included temperature profiles, Secche disc readings, pH,
alkalinity and dissolved oxygen (Table 5). Results, based
on organic content of samples, showed Cladnphora was dependent
upon a solid substrate for growth. Presence of sand or
silt reduced or eliminated growth of this alga. The south-
eastern end of Lake Ontario generally provides a rocky
substrate with some exceptions. The Sterling Power Plant
Site has numerous areas of sand or thin silt on the bottom.
The Ginna Nuclear Power Plant Site has a rocky substrate.
Ana
lys
is
of
var
ian
ce
sho
wed
sig
nif
ica
nt
dif
fer
enc
es
bet
wee
n I
FYG
L t
ran
sec
t s
amp
led
Jul
y 1
8-21
, 1
972
(P=0
.25)
.
There was no significant difference of biomass with depth
(P=
0.2
5).
See
Tab
les
1-3
.
No
sig
nif
ica
nt
di
ff
er
en
ce
s
wer
e
found for the June 26 - July 3, 1972, sampling (P=0.25).
Significant differences between transects (P=0.25) were also
found for the August 18, 1972 sampling. Difference in biomass
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er
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Analysis of variance;
TABLE
1
CZadophora Biomass
Expressed in kg/m2 ash free dry weight
Sampling number one, June 26 to July 3, 1972
Depth
(m
)
Biomassv
(kg/
m2)
Biomass
(kg/m2)
Biomass
(kg/m2)
Biomass
(kg/m2)
Biomass
(kg/m2)
0.0
14
0.020
0.026
NOT SAMPLED
0.00
0.503
0.00
0.102
0.000
0.306
0.032
0.092
0.040
NOT SAMPLED
0.009 0.142
0.000 0.014
6
3
0.018
0.023
Among
transects
F =
0.434;
not
significant
(P=0.25)
Among
depth
F =
0.851;
not
significant
(P=0.25)
  
TABLE 2
CZa
dop
hor
a
Bio
mas
s
Expresse
d in kg
/m2 ash
free dry
weight
Sampling numbe
r two, July 18
to July 21, 19
72
Transect
Depth
1 2
3 4
5 6
Stoney Point
Biomass
0.017 0.02
1 0.044
0.228 0.075
0.275
(k
g/
m2
)
Nine Mile Biomass 0.260 0.013 0.045 0.029 0.010 0.001
Point
(kg/m2)
Lake Side Biomass 0.341 0.320 0.086 0.054 0.213 0.038
6
4
(kg/m2)
Sterling
Biomass
0.017 0.00
6 0.037
0.000 0.07
5 0.019
(kg/m2)
Sodus
Biomass
0.117 0.27
6 0.053
0.038 0.023
0.007
(k
g/
m2
)
Analysis of variance; Among transects F = 1.85; significant (P=0.25)
Among depths F = 0.596; not significant (P=0.25)
 TABLE 3
C7ad0ph
0ra Bio
mass
Expresse
d in kg
/m2 ash
free dr
y weigh
t
Sampling numbe
r three, Augus
t 18 to August
22,
Transect Depth 1 2 3 4
Stoney Point Biomass 0.170 0.000 0.004 0.069
(kg/m2)
Nine Mile ' Biomass 0.004 0.000 0.000 0.000
Point
(kg/m2)
Lake Side Biomass 0.064 0.009 0.04 0.015
(kg/m2)
Biomass
0.012 0.001 0.004 0.003
(kg/m2)
Sodus
Biomass
0.000
0.000
0.008
0.009
(kg/m2)
Ster
ling
Analysis of variance; Among transects F = 4.08; significant (P=0.05)
Among depths F = 1.02; not significant
, . ,.- .. r .. W . ....... N. .-...... ...- -wﬂ.......-.....v~.wn...v
1972
0.043
0.000
0.000
0.009
0.000
_HWM‘W“_“
.5..me ,.mn.
m...wmngm.mwa.W_
0.091
0.0
07
0.003
0.0
02
0.0
01
(P=0.05)
6
5
 with depth (P=O.25) were not significant. Pearson's
product moment correlation coefficient was calculated to
determine which IFYGL transects differed significantly.
The Stoney Point and Oswego transects differed significantly
(Table 4) from other IFYGL transects (P=0.10).
Studies at power
plant sites often provide the best
information on CZadophora distribution,
however,
sampling
techniques are not always standardized nor
sufficient support-
ing data collected.
The
data
from
the
two
power
plant sites
has
been
partially
analyzed.
No
significant
difference
(P=0.05)
was
found
between
transects or depths at the Sterling Site.
Differences
between
sites,
methodologies
and
results
of
these
studies
will
be
discussed
in
relation
to
CZadophora
distribution
and
ground
truth
information
problems.
Problems
encountered
in
determining
the
distribution
of
CZadophora included:
.
location
of
stations
for
temporal
samplings;
l
2.
sampling
technique
for
all
substrates
encountered;
3.
variability
of
alga
at
each
station;
4
.
growth
of
CZadophora
deeper
than
6
meters.
Sampling
techniques
and
analytical
procedures
should
be
standardized
to
permit
comparison
of
data
gathered
by
various
investigators.
At
the
time
of
collection
abiotic
parameters
should
also
be
determined.
These
should
include,
at
a
minimum,
water
temperature
and
depth,
type
of
substrate,
Secchi
disc
measurements,
alkalinity,
pH
and
dissolved
oxygen,
the
length
 TABLE 4
Pearson's product moment correlation coefficient
for depth versus biomass
Transect Sampling 1 Sampling 2
Stoney Point NS r = 0.777*
Nine Mile Point r = 0.044 r = 0.710
Lake Side r = -0.013 r = -0.739*
Sterling r = —0.214 r = 0.352
Sod
us
NS
r =
-0.
700
NS - Not Sampled
*
—
Si
gn
if
ic
an
t
(P
=0
.l
O)
Sampling 3
r = 0.065
r = 0.268
r = —0.760*
r = -O.330
r = 0.074
  
 
  
TAB
LE
5
Abi
oti
c P
ara
met
ers
for
IFY
GL
CZa
dop
hOP
a S
tud
y
0
Te
mp
er
at
ur
e
C
(Bot
tom)
Alkal
inity
mg/l
Cacoq
pH
DO
mg/l
Tr
an
sp
ar
en
cy
(m
et
er
s)
Ju
ly
19
72
Tran
sect
Sto
ney
Poi
nt
Nine
Mile
Osw
ego
Ster
ling
Sod
us
Aug
ust
197
2
Sto
ney
Poi
nt
Nine Mile
Os
we
go
St
er
li
ng
So
du
s
153
21
22.4
20.0
20.3
2
0
.
8
22
.7
21.2
21
.2
19.3
21.2
16.6
Range
(21.1—23.3)
(19.0
—20.1
)
(1
9.
3—
22
.6
)
(19.7
—23.3
)
(22.4-22.9)
(20.5
-22.4
)
(19
.5-
21.
9)
(18.8-20.2)
(20.0—22.4)
(15.5
-17.6
)
Me
an
1.5
2.0
2.0
1.7
1.
8
2.8
3.
2
3.9
3.
4
2.3
Ran
ge
(1.5)
(2.0—2.0)
(1.75
-2.25
)
(1.6 —1.85)
(1.5
-2.0
)
(2.4
-3.1
)
(3.
1 —
3.3
)
(3.8
-4.1
)
(2.5
-4.0
)
(1.
4
-3.
2
)
Mean
104.0
102.7
94.0
9
9
.
3
103
97.7
99.8
100
101.7
101.7
Range
(100—110)
(100—107)
( 82— 97)
( 93
—104
)
(100-108)
( 8
9—
10
4)
( 9
8—
10
1)
(
96
—1
02
)
( 96
—108
)
( 96-108)
5333
8.8
8.55
8.6
8.8
8.8
9.
5
9.
6
9.4
9.
4
9.
0
Range
(8.5
—9.1)
(8.4 —8.7)
(8.37
—8.7)
(8.8 —8.9)
(8.7 —8.9)
(9
.0
-9
.8
)
(9.4 —9.7)
(9.0
-9.5)
(9.
0
—9.
6)
(8.9
—9.2)
8332
9.6
9.26
10.1
12.3
10.0
13.9
11.7
11.0
11.0
8.7
Range
( 6.5—ll.4)
( 8.0
—10.4
)
( 9.4
—10.2
)
(11.2—13.2)
( 9.4-10.4)
(12.4—14.7)
(10.5—12.6)
( 9
.8—
ll.
7)
(10.3—11.7)
( 4.0— 9.8)
6
8
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of algal filaments and colour, and presence of loose CZadophara
on the bottom.
At least three replicate samples of CZadophora should be
collected at each station for laboratory analysis. If these
samples are used for ground truth information, collection should
be coordinated to provide as near synoptic picture as possible.
CZadophora monitoring transects should be established
to provide seasonal and year—to—year data on the increase or
decrease of this alga.
Discussion:
Research Needs
Sampling efforts in the Great Lakes should be coordinated
amongst the various groups.
Question: Were samples taken in triplicate?
Answer: No duplicate.
Question: How were samples taken?
Ans
wer
:
Sam
ple
s w
ere
tak
en
wit
h a
ben
thi
c b
ox
sam
ple
r
2
designed to cover 103cm .
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"BIOMASS
AND
PRODUCTION"
1
BY
Glenn
Owen
ﬂ
Ontario
Ministry
of
the
Environment
W
K
i
n
g
s
t
o
n
,
O
n
t
a
r
i
o
There
is
inadequate
information
on
biomass
production
in
the
Great
Lakes.
It
is
difficult
to
quantify
biomass
in
large
areas,
and
therefore
the
most
accurate
work
is
limited
to
small
areas,
i.e. impact studies.
"In
situ"
measurements
are
required,
due
to
the
change
of
biomass
with
time.
Variability
in
results
may
also
be
due
to
random
sampling
in
an
area
of
growth
rather
than
in
an
algal
bed.
Uniform
beds
are
usually
found
within
the
deepest
water
limits
of
growth
and
the
growth
line
is
sharply
defined.
Due
to
wave
action,
(splash
zone)
biomass
is
more
difficult
to
calculate
i
n
n
e
a
r
s
h
o
r
e
a
r
e
a
s
.
To
facilitate
the
measurement
of
biomass,
it
is
necessary
to
consider
ash
weight
and
organic
carbon
as
a
function
of
displace-
ment
volume.
Artifical
substrate
experiments
would
serve
to
standardize
laboratory
estimations.
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PHYSICAL
AND
CHEMICAL
REQUIREMENTS
The physical and chemical requirements of CZadophora are
met to a greater or lesser degree throughout the Great Lakes.
Among the factors recognized as being of importance are, suitable
substrates, water movement, temperature and light within tolerance
limits, alkaline waters and a level of plant nutrients slightly
above those which occur naturally in the lakes. If control of
our current problems is to be achieved, one or more of the limiting
factors must be manipulated to the point where the biomass is re—
duced to acceptable levels.
PHYSICAL REQUIREMENTS
 
Substrate
It is recognized that CZadophora during its growth phase
must have a suitable base of attachment. This is normally bed
rock or boulders in its natural habitat. "A rolling stone gathers
no CZadophora." It does not grow on sand or soft bottoms in
the littoral areas. It grows as a fringe near the surface on
piers, boat hulls and buoys constructed of almost any material.
It is strange, however, that in a micro-sense, it is also highly
selective. It seems to prefer fissures in rocks as opposed to flat
surfaces and will grow profusely on one boulder and not on a
similar One beside it.
Water Movement
Cla
dop
hor
a g
row
s t
ypi
cal
ly
alo
ng
open
, w
ave
—wa
she
d s
hor
e-
lines where wave action and shoreline currents are more or less
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continuous. This requirement is not well understood, but is
believed to relate to a continuing supply of nutrients made
available to the plant by the current. Whitford (1961) suggests
that "the effect is due to the action of the current in sweeping
away material near the cell surface and producing a steep dif”
fusion gradient, thereby increasing the exchange of materials
between the organism and the environment". In his paper, he
provided a mathematical basis for this theory which could be
important in the development of a predictive model of CZadophora
requirements.
Temperature
A number of authors have described the temperature require-
ments
of
CZadophora
on
the
basis
of
both
field
observations
and
laboratory
studies.
Storr
and
Sweeney
(1971)
in
laboratory
studies
noted
that
optimum
growth
occurred
in
the
180C
temperature
range
and
that
cessation
of
growth
took
place
at
about
25°C.
Fitzgerald
in
personal
discussions
indicated
that
he
has
found
that
active
growth
could
be
maintained
well
above
this
temperature.
Taft
and
Kishler
(1973)
noted
from
field
observations
that
"new
growth
can
be
found
when
water
temperatures
exceed
40°F"
and
suggest
that
the
main
growth
is
completed
when
the
water
tempera-
ture reaches 65oF (180C).
Considerable
interest
has
developed
in
the
effect
of
temperature
on
CZadophora
g
r
o
wt
h
b
e
c
a
us
e
of
p
o
s
s
i
b
l
e
wo
r
s
e
n
i
n
g
of
c
o
n
d
i
t
i
o
n
s
b
y
t
h
e
r
m
a
l
d
i
s
c
h
a
r
g
e
s
.
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c
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b
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e
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b
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u
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e
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e
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h
e
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o
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m
a
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r
o
w
t
h
c
y
c
l
e
,
b
u
t
w
i
l
l
p
r
o
b
a
b
l
y
n
o
t
a
f
f
e
c
t
t
h
e
t
o
t
a
l
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i
o
m
a
s
s
p
r
o
d
u
c
e
d
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E
l
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p
e
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r
e
a
s
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Light
Surprisingly
little
definitive
information
on
light
require—
Neil and Owen (1964) described
the
depth
distribution
of
CZadophora
and
attribute
the
lower
ments of CZadophora is available.
limit
of
growth
to
light
extinction.
Growth
ceases
very
sharply
at
specific
depths,
but
no
person
has
related
this
to
secchi
disc
or
photometric
measurements
which
might
define
the
light
requirements of the plant.
Storr
and
Sweeney
(1971)
conducted
a
series
of
laboratory
studies
relating
production
to
photoperiod
and
noted
that
the
"length
of
photoperiod
appears
to
affect
growth
at
an
exponential
rate".
These
authors
developed
a theoretical
seasonal
growth
re-
sponse
curve
for
CZadophora
based
on
their
studies
of
interactions
of temperature and photoperiod.
This was applied to Kishler's
standing crop information and a correlation was demonstrated.
Chemical Requirements
 
No studies have found traceelements or organic materials to
play a role in controlling growth under natural conditions.
Phosphorus is widely believed to be the key nutrient limiting
Neil and Owen (1964)
conducted a study where single sources of nitrogen and phosphorus,
Cladophora growth in the Great Lakes.
a combination of the two and a prepared manure were fed to a
suitable shoreline area which did not support Cladophora growth.
No response was found to nitrogen whereas phosphorus alone
developed a growth. Where P and N were fed together, either in
an inorganic or organic form, the response was greater than for
phosphorus alone.
4
A
A
 Cul
tur
e s
tud
ies
to
dat
e u
sin
g s
ynt
het
ic
med
ia
hav
e n
ot
bee
n
abl
e
to
pr
od
uce
gr
owt
hs
at
ph
OS
ph
or
us
lev
els
fou
nd
in
the
Gr
ea
t
Lak
es,
so
tha
t d
efi
nit
ive
lim
iti
ng
pho
sph
oru
s l
eve
ls
can
not
be
es
ta
bl
is
he
d
at
th
is
ti
me
in
th
e
la
bo
ra
to
ry
.
In attempting to define a limiting level of phosphorus,
there are several important complicating factors. One major
technical difficulty is our inability to analyse for phosphorus
accurately at the low levels required. To do really definitive
work, the precision and accuracy of the method should be an
order of magnitude greater. Luxury uptake is a second complication
as this plant can accumulate a reserve of phosphorus which serves
as a resource for continued development when sufficient nutrients
are not available. Physical conditions within a shoreline area
such as is created by the thermal bar may provide a nutrient—rich
medium at a time when the alga is in an active growth phase.
Similarly, periodic up—welling of profundal water bathes shoreline
areas periodically and provides an intermittent source for luxury
uptake.
An understanding of the nutritional requirement of CZadophora
in the lake is complex because of the many interacting variables
in the physical and chemical environment in which it lives.
Nonetheless,
if control through nutrient limitations is to be
predictive,
a better understanding than we have at present is
required.
In
sorting
out
these
problems,
at
least
two
developing
tools may be of considerable assistance.
Firstly,
the assay pro—
cedure
for
measuring
the
status
of
nitrogen
and
phosphorus
nutrition in CZadophora as developed by Fitzgerald
(1972)
and,
secondly,
the
possibility
of
developing
a
model
similar
to
that
of
Storr
and
Sweeney
in
which
nutrient
considerations
are
included.
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During
the
IFYGL
year,
analyses
to
measure
the
status
of
Cladophora populations with respect to nitrogen and phosphorus were
conducted on samples from Lake Ontario.
The survey was not as
complete as had been hoped for,
nevertheless it forms a very use-
ful body of information that will be reviewed and reported on by
Lee.
From a preliminary analysis of results on samples collected
and analysed by the Ontario Ministry of the Environment
(Hopkins
and Carney 1972), they concluded that the "results of ammonia -N
absorption analysis were all greater than lS/mg N/lO mg dry weight
Alkaline
phosphatase activity levels were all low while extractable
X hr.) indicating that the algae were nitrogen-limited.
phosphorus levels were all greater than 0.08 mg P/lOO mg dry
weight alga, indicating that the algae contained surplus phosphorus."
The samples analysed were collected at depths of 1.5m to 5.0m
from IFYGL ground truth stations in the central and east end of
the Lake.
The development of a predictive model that would incorporate
some or all of temperature, light, nutrient concentration and
water movement would greatly improve our ability to understand
and manage CZadophora populations. Storr and Sweeney (1971)
suggested this step but no further work has been published.
The role of nitrogen in limiting CZadophora growths needs
to be investigated. Little attention has been paid to this
nutrient to date, but evidence is being accumulated which indicates
that it too plays an important role once phosphorus has reached
a level that will support growth.
The study by Neil and Owen (1964) showed that while P alone
produced new CZadophora growth in Lake Huron, half the amount fed
in combination with nitrogen produced a heavier growth over a
larger area. Nitrogen has been implicated as limiting in Lake
Ontario. The author has also noted one particular location in
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Useful information on the relationships between Cladophora
growths and nutrient levels may be available by comparing nitrogen
and phosphorus data from lakes which produce the algae and those
that do not. Because of limitations in the analytical methods,
analyses performed by one laboratory would probably be the most
useful.
Fitzgerald mentioned in the course of discussions that the
greatest CZadophora problems in Lake Michigan occurred during
the period of major alewife die-offs in the late sixties. He
suggested that their decomposition may have increased the nutrient
levels along the shore and supported heavier growths of CZadophora
than would otherwise have developed. This raises the interesting
possibility that fertility provided by decomposition of fish
would play a significant role in increasing the fertility of
littoral areas.
A study that would quantify the contribution
of nutrients
from fish to Cladophora beds would be valuable.
CONCLUSION
Priority
should
be
given
to
studies
of
phosphorus
and
nitrogen
requirements
of
CZadophora.
Quantitative
information
is
necessary
on
the
relationship
of
these
two
nutrients
singly
and in
combina—
tion
if
control
is
to
be
achieved.
Further
studies
are
required
to demonstrate the usefulness and application of the Fitzgerald
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bioassay procedure. Studies to provide a basis for the development
of a predictive model relating Cladophora production to its
chemical and physical environment are important to the development
of a strategy for control.
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"PHYSICAL-CHEMICAL REQUIREMENTS"
BY Mr. Nelson Thomas
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A. Substrate
The texture of the substrate apparently influences
CZadophora growth. Seawalls built of limestone rock usually
have large growths of CZadophora. The significance of surface
films such as attached algae is not known. Some algae, by their
presence early in the season, can delay the development of
CZadophora growth. Turbidity has a detrimental effect on
growth.
B. Water Movement
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C. Temperature
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 D. Light
Storr and Sweeney observed that the variation of growth
between the 12 and 14 hour photoperiods probably represented an
exponential increase in growth with increasing light (and
decreasing dark) periods. Cell elongation was observed during
dark periods. Productivity at depths is a function of trans-
parency; lake levels may have an effect on CZadophora growth.
II . CHEMICAL
A. Basic Nutrient Requirements
Vitamin B1 has been determined to be one of the many
essential nutrients. The need for vitamin B12 has been questioned.
A high pH is also required.
Possibly data from the Upper Lakes
Reference
Group
may
be
used
to
determine
the
relationship
between
nutrient levels and algal growths.
Through the examination of
phosphorus
data
along
the
nearshore
of
Lake
Huron
one
can
determine
the
relative
importance
of
phosphorus.
In
areas
where
Cladophora
growth
is
limited
to
a
few
short
scattered
tufts,
the
total
phosphorus
in
the
spring
and
on
an
annual
average
was
5
ppb
or
less.
Where
growths
were
short,
the
concentration
of
phosphorus
was
between
5-15
ppb.
Prolific
growths
were
noted
in
areas
where
the
average
spring
and
annual
phosphorus
concentration
exceeded
15
ppb.
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Appendix A
Proc. 14th Conf. Great Lakes Res. 1971
119-127 Internal. Assoc. Great lakes Res.
DEVELOPMENT OF A THEORETICAL SEASONAL GROWTH
RESPONSE CURVE OF CLADOPHORA GLOMERATA TO
TEMPERATURE AND PHOTOPERIOD1
J. F. Storr and R. A. Sweeney
Biology Department, State University of New York at Buffalo and
Great Lakes Laboratory, State University College, Buffalo.
Abstract. A series of experiments were carried out in the laboratory to relate
rate of growth to the filamentous alga C. glomerata to temperature and photoperiod.
Sterilized lake water was used as the growth medium in a series of 30 day experiments
at 4 temperature levels and two photoperiods. The results of these experiments indicated
that at the level of nutrients present, optimum growth was in the 18°C (64.50F) tempera—
ture range. Low levels of growth were found at the low temperature range of the experi-
ments but the results were not conclusive. In the upper temperature range of growth,
cessation appeared to be at about 25°C (77.00F). The results of the experiments were in
very close agreement with field observations made by a number of workers.
Growth response to levels of photoperiod in the experiments appeared to be ex—
ponential in character while the growth response curves generated by the temperature
experiments were very similar in form at the different levels of photoperiod.
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 STORR and SWEENEY
Cladophora mats may be torn loose by wind and wave action (Kishler 1967).
If the prevailing wind is blowing in an onshore direction, the algae may ac—
cumulate on beaches and other low areas (Kishler 1967).
The purpose of this study was to ascertain through both laboratory and
field investigations what, if any, are the effects of heat on the growth of
Cladophora when this plant is cultured under spring and summer photoperiods.
These data were then to be translated into graphic form and to be used to
construct a graphic theoretical analytical model of growth response rate based
on the variations of photoperiod and temperature. Using this graphic model,
seasonal water temperatures for Lake Ontario were to be applied to obtain a
probable growth response rate curve for Cladophom in this area and a com-
parison made between theoretical and actual standing crop data from western
Lake Erie.
METHODS
Cladophora glomerata was collected from the Oswego region of Lake
Ontario and transferred to the Great Lakes Laboratory in Buffalo, New York.
Care was taken not to expose the algae to temperature extremes when in
transit. This Cladophom, which was the stock culture used in each of the
following experiments, was maintained at 59.0°F (~14.5°C) in a 12 hr photo—
period of 200 foot—candles. The latter was provided with cool-white fluorescent
tubes. Twelve hours is the average day length in the Lake Ontario region in
early spring.
The experiments were conducted in a walk—in controlled environment
room. The temperature of the room was maintained at 681r 10F (~20.0°C).
Lighting also was provided by cool-white fluorescent tubes. Culturing was
carried out in autoclaved (20 min, 15 lbs/sq inch, 220°F) Lake Erie water in
four 14 gal aquaria, each of which was separated into three equal compartments.
Prior to each experiment, the aquaria were sterilized with Clorox and rinsed
with autoclaved distilled water. Autoclaved glass distilled water was added
throughout each 30 day experiment in order to maintain a constant water level
in each compartment. An equal amount of Cladophora by weight from the
stock culture was placed in the bottom of each compartment and anchored with
plastic wire mesh. The same amount of Cladophora that was placed in each
compartment also was measured for volume and wet, dry, ash weight and
percent fixed solids. Changes noted in the Cladophora following culturing were
contrasted with the above results.
The water temperature of each aquarium was maintained at 59.00F
('~14.5°C), 64.50F (~18.0°C), 72.0°F (~22.5°C) or 79.0°F (~26.0°C) by separate
Bronwill Constant Temperature Circulators. These pumps were adjusted to
equal flow-rates. Temperature variations within a given tank did not exceed
more than plus or minus 20F (~1°C).
The algae were cultured under a 12 hr photoperiod of 800 foot-candles
at aquarium level for 30 days. Observations on the morphology of the algae
were made throughout each experiment.
Pint water samples were collected from each compartment every ten
days and examined for the presence of viable zoospores. The latter was ac—
complished through the use of a Palmer cell and a research model binocular
microscope.
The above 30-day experiment was repeated.
Similarly, the entire experiment was replicated twice under a 14-hr photo-
period, the average day length in the Lake Ontario region in August. All other
conditions were simulated and tests and measurements were conducted as des-
cribed above in the 12—hr photoperiod experiments.
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At the end of each experiment, the wet, dry and ash weights of the Cla-
dophom from each compartment were ascertained. Dry weights were obtained
after the sample had been placed in an oven at 217°F (~103°C) for 12 hr; ash
weight following the exposure of the dried sample to a temperature of 1,112°F
(~GOOOC) for 30 min. Changes in volume were determined by Archimedes'
technique, The algae, which had been blotted dry, were added to a 500 ml
cylinder containing 400 ml of water. The amount of water displaced was
assumed to be the volume of the algae.
CONTROLLED ENVIRONMENT INVESTIGATIONS
The changes noted- when Cladophora is cultured in water with a tem-
perature of 59.00F (~14.5°C), 64.50F (~18.0°C), 72.0°F (~22.5°C) or 79.0°F
(~26.0°C) in a photoperiod of 12 or 14 hr are shown in composite form in
Tables 1, 2, 3 and 4. These data are for changes in wet, dry and ash weights
and volume.
Cladophora that had been cultured in 14 hr/day increased more in weight
and volume than the algae that were exposed to 12 hr of light per day. Within
each of the above experiments, largest increases were noted among those
plants that were cultured at 64.50F (~18.0°C). Least growth was observed in
the 79.0°F (~26.00C) cultures. In fact, the latter plants exhibited a decrease
in dry, wet and ash weight.
At the highest temperature, the Cladophora became black to dark green.
The 64.50F culture became lighter green in color. Relatively little color
changes were observed in the algae that were exposed to 59.00 or 72.00F.
The distances between branches increased with light and temperature
through 72.00F. No increase in "elongation" was noted in the 79.0°F cultures.
The latter tended to be fragile. Unless care was taken, they fractured on
handling.
Zoosporangia were present most frequently after the fifteenth day of
culturing. These asexual reproductive structures were most common on the
64.5°F plants and least common on the 79.0°F plants. In fact, they were rare
on the latter.
DISCUSSION
The laboratory findings that Cladophom glomerata grew most rapidly at
64.5017 (~18.00C) correlated directly with field observations concerning the
growth of the green alga. Herbst (1969) reported that Cladophora in Milwaukee
Harbor (Lake Michigan) increased most rapidly when the water temperature
ranged from 17° to 20°C (~62.6o to 68°F).
Kishler (1967) noted that Cladophora grew most "luxuriously" in the South
Bass Island Region (Lake Erie) during May-June and October-Nogember, periods
when the water temperature along the shore also was about 66.0 F. Kishler
also observed the Cladophora growth was very slight in July and August when
the water temperature exceeded 80°F. McNaught (1964), who studied this
plant in Lake Mendota (Wisconsin), stated that Cladophora growth was not pro-
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temp
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exce
edin
g 25
°C
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The temperatures that appear to promote production of zoosporangia and
the release of zoospores also agree with the lake temperature at the time
when Cladophora reproduction is at its peak (Herbst 1969).
Soderstrom (1963) and Van den Hoek (1963) concluded that Cladophora
requires high light intensity for its development. From the above experiment,
it also appears that light duration also is an important factor. The amount of
carbohydrates and other foods that would be produced through an additional 2
hr of photosynthesis/day is not sufficient to explain the increase (after 30 days)
in wet, dry
andash weights of the Cladophora that was cultured in a 14 hr
photoperiod in comparison to those plants that were cultured in 12 hr of light/
day.
Perhaps the reason for the above is due to hormonal factors (i.e. auxins)
whose production is affected by
aphotoperiod which exceeds 12 hr.
Such en-
vironmental-physiological relationships have been noted with respect to numerous
higher plants (Salisbury and Parke 1964).
DEVELOPMENT
OF
THE
THEORETICAL
ANALYTICAL
MODEL
From
the composite
data of the wet weight
of Cladophora
obtained (Table
1), the relative growth during the
12 hr and
14 hr experiments were
trans-
ferred into_graphic form
(Figs. 1 and 2).
The graph lines, in essence,
extro-
polate the experimental data.
This suggests that at the lower limits of tem—
perature
tolerance,
zero
growth
would
occur
at
some
temperature
between
50°F
to
55°F
as
indicated by
the
curve
for
mean
growth.
The
experiments
suggest,
however,
that there
is
a
considerable
variability
of growth
response
at these
lower
temperatures.
The
upper
tolerance
temperature
appears
to be
considerably
more
restrictive
with
zero
growth
occurring
at
a
temperature
of
about
77°F.
The
maximum
and
minimum
limits
as
expressed
by
the
graphs
at
this
upper
limit
of
tolerance
suggest
that
this
upper
tolerance
of
Cladophom
is
considerably
more
restricted
than
that
found
at
low
temperature
tolerance.
In construction
the
graph
theoretical
model
(Fig.
3),
it was
observed
from
Figs.
1
and
2 that
the
variation
of growth
between
the
12
and
14
hr
pho-
toperiods
probably
represented
an
exponential
increase
in
growth
with
increas-
ing
light
(and
decreasing
dark)
periods.
The
highest
growth
rate
of
the
means
at
12
and
14
hr
was
found
to
fit
into
a
logarithmic
scale
and
such
a
scale
was
used
along
with
the
seasonal
variation
in
the
photoperiod
in
hours
to
construct
the
photoperiod
curve
on
Fig.
3.
Combining
the
graph
lines
for
mean
growth
of
Figs.
1
and
2,
the
shape
and
the
limits
of
a
generalized
curve
were
used
to
create
a
model
curve
for
growth
rate
at
various
temperatures.
The
curve
was
then
modified
to
fit
into
a
15
day
growth
period
by
halving
the
rate
of
growth
as found in Figs. 1 and 2.
TABLE
1.
Changes
in the
percent
wet weight
of Cladophora
glome'rata
30
day
experiments.
 
Composite
12
hour
photogriod
14
hour
photogriod
Water
temp.
Mean
Range
Mean
Range
59.0°F
117.9
63
to
163
198.0
178
to
229
(~14.5°C)
64.50F
164.9
140
to
208
332.2
282
to
428
(~18.0°C)
72.0017
53.5
40
to
61
90.0
101
to
174
(~22.5°C)
79.00F
—38.5
—68
to
-2
—21.0
-68
to
-2
(~26.0°C)
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FIG. 1. Cladophora growth rate—response to temperature, 12 hr photoperiod—
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TABLE 2. Changes in the percent dry weight of Cladophom glomerata 30 day experiment.
 
Composite
12 hour photopgriod 14 hour photopgriod
Water temp. Mean Range Mean Range
59.00F 32.7 16.5 to 43 75.5 42 to 98
(~14.5°C)
64.50}? 185.0 103 to 320 365.7 221 to 545
(~18.0°C)
72.0°F 63.4 45 to 88 164.2 68 to 280
(~22.5°C)
79.001" —43.0 -66 to —3 -23.0 —45 to —1
(~26.0°C)
TABLE 3. Changes in the percent ash weight of Cladophom glomemta 30 day experiment.
Composite
12 hour photogriod 14 hour phompgriod
Water temp. Mean Range Mean Range
59.0°F 50.7 30 to 69 118.2 81 to 160
(~14.500)
64.50F 180.4 125 to 264 360.3 287 to 425
(~18.0°C)
72.0°F 80.5 72 to 98 200.5 169 to 257
(~22.5°C)
79.0°F —51.7 -67 to -31 -30.3 —47 to ~19
(~26.00C)
TABLE 4. Changes in the percent volume of Cladophora glomerata 30 day experiment.
Composite
12 hour photogriod 14 hour photomriod
Water temp. Mean Range Mean Range
59.0°F 84.0 58 to 120 197.8 162 to 318
(~14.5°c) .
64.50]? 295.8 220 to 350 504.7 440 to 622
(~18.0°C)
72.0°F 191.9 156 to 210 367.0 336 to 422
(~22.5°C)
79.0°F 11.5 0 to 18 41.5 18 to 50
(~26.0°C)
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Comparison of theoretical growth rate (based on local temperatures) with stand-
ing crop in the island region of western Lake Erie.
superimposed along with the curve (Line B) for similar data obtained at the
Village Intake, South Bass Insland. The graph lines for standing crop represent
both cumulative growth along with variations due to breakage or detachment of
Cladophora filaments. With this in mind the theoretical growth curve would
appear to have reasonably good agreement with both Curves A and B which
are the curves for actual standing crop. There was a sharp rise in growth
in spring (to early June) with the growth augmented by higher nutrient supplies
in the water at that time. This was followed by a rapid decline as temperatures
rise and growth rate declined allowing for detachment of filaments reducing the
standing crop. Filaments are also weakened at this time of peak zoospore
production. From early or mid-July there was a rise in rate of growth which
developed a new crop of the algae. Throughout August and September (in this
area) rate of growth appears to be fairly constant but detachment and break-
age of filaments would be expected to vary either the amount of the standing
crop (Line A) or to maintain it at a fairly low level (Line B). The experi-
mental evidence indicates that filaments are generally weaker when temperatures
are close to the upper tolerance levels.
In October the experimental data suggest that algal growth would be low
CONCLUSIONS
if not altogether lacking.
On the other hand nutrient supply is generally high
at this time
of fall overturn and this factor along with the development
of
stronger cladophora
filaments
(which occurs
at lower temperatures) may
ac-
count for the occurrence of long algal filaments even though growth rate is
proceeding at a low level.
The
experimental
evidence
indicates that
optimum
growth
rates
of Clado-
phom
occur
at about
65°F
while
lower
and
upper
tolerance
levels
are
about
53°F
and
77°F
respectively.
Length
of photoperiod
appears
to affect growth
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at an exponential rate. Using these basic data the theoretical growth rate curve
developed by applying local seasonal temperature information correspond closely
with field observations of Cladophom growth as observed generally and with the
detailed standing crop measurements as obtained by Kishler (1967). Discrepan-
cies between growth rate and the observed standing crop appear to be due to
the effects of the seasonally varying nutrient supply and filament breakage or
lack of it which would be strongly affected both by the eroding effect of wave
activity at irregular periods and the varying strength of the algal filaments.
What is needed to round out the model is a study of the temperature—
nutrient relationships on the growth of Cladophora.
It is felt, however, that the present theoretical model of growth response
rate may be a useful tool in predicting the probable seasonal growth and ap-
proximate standing crop, particularly in very local areas around thermal dis-
charges. It is in this application thatthe theoretical model may be most useful.
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A comprehensive set of analyses of the CZadophora growths
within the Great Lakes is of fundamental importance for at
least the following four purposes:
1. To determine the role of the plant in the energetics
and exchange of nitrogen and phosphorus and other
essential plant growth substances within a lake;
To determine the status of the biomass with respect
to nutrient levels so that the potential for control
can be assessed and the effectiveness of control
programs measured;
To obtain basic information for evaluating potential
uses of the plant;
To determine the absorption of radionuclides,
pesticides and toxic metals as a potential route of
bioaccumulation through the food chain.
Thi
s p
ort
ion
of
the
rep
ort
inc
lud
es
a c
omp
ila
tio
n o
f t
he
res
ult
s o
f a
nal
yse
s a
vai
lab
le
and
fac
tor
s i
nfl
uen
cin
g t
hem
.
Gen
era
lly
the
ir
sig
nif
ica
nce
and
val
ue
are
dea
lt
wit
h i
n
other sections.
Chemical Composition
Da
ta
on
th
e
ch
em
ic
al
co
mp
os
it
io
n
of
CZ
ad
op
ho
ra
fr
om
  
  
the lakes were collected from published and unpublished
sources and are summarized in Table 4. Information avail-
able from pond, stream and marine environments has not
been included in the present review.
It will be noted from Table 4 that there is a wide
variation in the percent ash composition.
This is a major
problem
in
the
assessment
of
analyses
reported
on
a
dry
weight
basis.
Owen's
results
for
phosphorus
and
nitrogen
appear
low
in
comparison
with
other
authors.
His
ash
weight
values
are
high,
however,
and
on
an
ash-free
basis
are
generally
comparable.
Dried
CZadophora
samples
vary
in
ash
content
because
the
dense,
woolly
nature
of
the
plant
collects-
solids
suspended
and
deposited
from
the
water.
They
alsovary
seasonally
in
the
quantity
of
diatom
epiphytes
and
macro-
benthos.
Analyses
reported
on
an
ash-free
basis
would
be
more
useful
in
future
studies
and
samples
should
be
washed
while
fresh
to
remove
the
majority
of
inorganic
solids.
CZadophora
has
also
been
reported
to
deposit
calcium
carbonate
within
the
cell
walls
so
that
seasonal
variations
may
be
expected.
Taft
and
K
i
s
h
l
e
r
(1973)
r
e
p
o
r
t
e
d
the
a
c
c
um
ul
a
t
i
o
n
of
cations
from
water
took
place
in
the
following
orders
of
magnitude:
N,
P,
K,
Mn,
Fe,
Mo,
Ba,
Cu,
B,
Co,
Ca,
Sr,
Si,
Mg,
A
l
and
Na.
N
i
t
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n
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y
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i
e
n
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0
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0
0
0
t
i
m
e
s
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e
l
e
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d
N
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e
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t
100
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i
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 PLANT
ANALYSIS
SOURCE
Owen 1972
OWRC
1964
Kishler
Adams
and
Stone
SOURCE
Owen 1972
OWRC 1964
Kishler
Adams
and
Stone
LAKE
 
Ont.
Ont.
E
r
i
e
Mich.
LAKE
Ont.
Ont.
Erie
Mich.
ASH
59
42
N
a
86
66
7
4
% OF THE TOTAL DRY WEIGHT
P
N Ca
K
Si
 
0.19
0.11
0.33
0.65
Cu
15
15
p
p
m
CO
Fe
Al
Mn
3
9700
2.47 1942
300
726
306
Sr
‘135
60
m
I
7
9
Table 4
3
7
55
 
43
42
2
1
9
5
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Lake Ontario
Phosphorus and Nitrogen (% of total dry weight)
 
Depth %P (Ave.) %N (Ave.)
Average
of
all
1.5m
0.14
1.54
sites
and
all
3.0m
0.19
1.91
dates
5.0m
0.24
2.15
Month
%P
(Ave.)
%N
(Ave.)
Average
of
all
June
0.15
1.25
sites
and
all
July
0.19
1.69
depths
August
0.24
2.78
Owen
-
Lake
Ontario
data
1972.
(96
samples)
An
assessment
of
the
results
indicates
that
the
concen-
tration
of
both
phosphorus
and
nitrogen
increases
in
the
plant
with
depth.
The
plants
also
increase
their
levels
of
both
nitrogen
and
phosphorus
as
the
season
progresses.
It
is
also
of
interest
to
note
that
the
ratio
of
nitrogen
to
phosphorus
is
10:1.
(Seasonal
mean
all
depths
N
1.87%
of
dry weight, P 0.19% of dry weight.)
Some
caution
should
be
exercised
in
using
the
above
results
as
being
representative
of
the
plant
itself
as
CZadophora
is
heavily
colonized
by
macro—invertebrates
and
the
density
of
amphipods
increased
seasonally.
Perhaps
what
is
being
measured
is
an
increase
in
fauna.
The
increase
noted
with
depth
could
also
be
for
the
same
reason.
Quantitative
measurements
of
associated
epiphytes
and
animal
forms
have
not been reported on.
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Radionuclides
C
l
a
d
o
p
h
o
r
a
is
a
s
c
a
v
e
n
g
e
r
o
f
r
a
d
i
o
n
u
c
l
i
d
e
s
.
A
l
g
a
l
samples
a
n
a
l
ys
e
d
from
Lake
M
i
c
h
i
g
a
n
27
days
after
the
C
h
i
n
e
s
e
n
uc
l
e
a
r
we
a
p
o
n
s
test
in
June
of
1973
i
n
d
i
c
a
t
e
d
that,
of
the
fission
products
released
into
the
atmosphere,
95Zr
had.
already
been
accumulated
in
CZadophora.
Small
but
measurable
concentrations
in
the
order
of
100
to
1000
poi/kg
dry
weight
of
137Cs,
95Zr
and
l06Ru
have
also
been
found
in
CZadophora
sampled
around
Lake
Michigan
during
July,
August
and
September,
1973
(Yaguchi
-
personal
communication).
From
other
Lake
Michigan
studies,
it
is
evident
that
the
alga
does
accumulate
239Pu
and
908r
as
well.
The
90Sr
to
239Pu
and
137Cs
to
238Pu
ratios
for
Cladophora
are
much
lower
than
those
for
water,
239 90
suggesting
a
greater
uptake
of
Pu
than
either
Sr
or
137Cs.
The
mechanism
for
plutonium
uptake
by
a
marine
alga
has
been
postulated
to
be
an
active
process
of
ultrapha-
gocytosis,
which
is
dependent
upon
relative surface
area
(Yaguchi et al 1974 a, b, c).
Williams
(1970)
designed
a set
of
experiments
to
858r and 137Cs in both live and
investigate the uptake of
preserved CZadophora glomerata under varying conditions
of water quality.
He determined that live samples had con—
centration factors approximately 8 times higher than those
of algae fixed with merthiolate-iodine preservative under
equal treatment. High K concentrations (30 mg/l culture
medium) reduced the uptake of 137Cs by 3 to 4 times in
live CZadophora. The concentration of 85$r was relatively
low with high Ca concentration (30 mg/l culture medium) but
low K concentration (0.1 mg/l culture medium) while it was
2 to 3 times higher when both Ca and K were high (30 mg/l
culture medium). The concentration factors of preserved
algae did not vary withthe Ca/K ratio.
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The accumulation of labelled P, 8, Sn, Y, Cs, Pm and
curve similar to the Langmuir Adsorption isotherm (Gileva,
a
Hg
ato
ms
by
CZa
dop
hor
a f
rac
ta
can
be
des
cri
bed
by
a s
atu
rat
ion
! 1964). When the concentration of these elements in solution
4 3
was increased to about 10— to 10— M, the accumulation
‘ V coefficients were found to decrease. However, absolute
i accumulation still increased. For a given physical-chemical
state of the element in solution, accumulation coefficients
were constant and independent of element concentration in
the solution at low concentrations, other conditions being
the same. (From translated English summary)
In the search of literature, the author did not attempt
to collect and assess all the information on nuclide accu—
mulation contained in impact assessment reports for nuclear plants
located on the Great Lakes. Discussions with colleagues
more familiar with this area suggest that much of the information
that has been collected is considered to be privileged. There
does not appear to be a good review paper on the uptake of
radionuclides by CZadophora at Great Lakes power sites or the
significance of low level radiological discharges on Cladophora
and its associated ecosystem.
Pesticides and Heavy Metals
The
literature
on
the
concentration
and
effect
of
pesticides
and
heavy
metals
on
CZadophora
comes
primarily
from
studies
directed
towards
its
control
and
is
dealt
with
in
that
chapter.
Whitton
(1970)
provided
a
comprehensive
review
of
the
current
literature
to
that
time.
Table
4
provides
some
information
on
metal
concentration
in
CZadophora
and
Taft
and
Kishler
(1973)
as
previously
indicated
have
ranked
16
cations
according
to
their
order
of
concentration.
This
ranking
indicates
selective
absorption
and
accumulation.
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Adams
and
Stone
(1973)
analysed
tissues
of
Cladophora
glomerata
sampled
from
late
spring
and
through
the
summer
at
three
sites
in
lower
Green
Bay,
Lake
Michigan.
Si
and
Zn
con-
centrations
were
significantly
higher
in
plants
having
the
highest
photosynthetic
rates.
These
were
found
in
the
areas
that
were
influenced
by
the
flow
of
the
Fox
River.
Tissue
concentrations
of
N,
Ca
and
Na
also
followed
this
trend,
whereas
P
concentrations
did
not
differ
among
plants
from
the
three sites.
Selective
absorption
as
indicated
by
bioassay
tests
for
control
suggest
that
CZadophora
does
not
accumulate
most
of
the
common
herbicides
at
least
to
the
point
where
they
become autotoxic.
There
is
no
data
indicating
what
effect
DDT
has
on
the
growth of CZadophora,
however,
it appears to be especially
efficient in concentrating it.
Meeks and Peterle
(1967)
found that in a Lake Erie marsh, CZadophora accumulated
36Cl-DDT far more than other plants and animals.
With an
application rate of 0.02 kg per 1000 m2, CZadophora contained
96 ppm after three days'
exposure.
It was suggested that
CZadophora could serve as a convenient
indicator organism of
water contamination by DDT and related metabolites.
Conclusion
Available information on the analyses of Cladophora
is insufficient to draw firm conclusions as to the role it
plays in the competition for nutrients in the lake, nutrient
availability as determined from plant material, potential
uses, or bio-accumulation of pesticides and heavy metals.
Results that are available are frequently a single
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determination from one lake at one season. Interpretation
is complicated by highly variable ash values and the new observation
that at least N and P vary both seasonally and with depth
adds a further complication. A synoptic survey where algal
samples were collected from all of one or more lakes
perhaps by aircraft would be most valuable. Laboratory
analyses for parameters including plant nutrients, wet, dry
and ash weights, common cations including toxic metals, several
common pesticides and radionuclides would add greatly to
the present knowledge of CZadophora and provide a means of
measuring changes in lake quality in the future.
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Summary
of
Workshop
Presentation
" ANALYSES OF CLADOPHORA "
BY Dr. George P. Fitzgerald
University of Wisconsin
Madison, Wisconsin
Bioassays
can
be
used
to
evaluate
the
amount
of
a
parti-
cular
nutrient
or
nutrients
available to
algae
or
aquatic
weeds
in
a water
sample
or
to
assess
the
nutritional
status
of in situ plants.
Bioassays for any required plant nutrient
can be carried out by growth experiments in the laboratory,
using selected species of algae.
Relatively shore-term tests
can be performed by measuring changes in certain enzymatic
activities or chemical fractions that have been shown to
reflect meaningful nutritional changes. An evaluation of
the nitrogen or phosphorus nutritional status of in situ algae
or aquatic weeds at any particular time can be made by
measuring the ammonium—nitrogen absorption rates in the dark,
relative amounts of phosphate-phosphorus extracted and
alkaline phosphatase activities, or nitrogen—fixation rates by
blue-green algae.
Bioassays of water samples demonstrate the level of
available nutrients, whereas bioassays with in situ plants
demonstrate whether the environment has supplied limited
or surplus quantities of nutrients. The latter tests also
indicate transitory changes that might have taken place
in nutrient sources between sampling dates (e.g., the
effects of slugs of nutrients that might not be detected
without continuous monitoring).
1Reprinted in part with the permission of John Wiley and
Sons, Inc. from "Nutrients in Natural Wagers', edited by
H. E. Allen and J. R. Kramer; Copyright 1972, Wiley.
 
  
ANALYSIS OF NUTRIENT CONTENT BY GROWTH
The value of measuring the growth of algae in water
samples is that differentiation can be made between the
total nutrient content of water samples as obtained by
chemical analyses and the nutrients that are available to
support the growth of algae under certain circumstances.
The concentration of any nutrient required for the growth of
algae
can
be
determined
by
measuring
the
growth
attained
by
selected
algal
species
in
dilutions
of
the
water
sample
or
after
suitable
spikes
of
other
nutrients
are
added.
Standard
techniques
for
this
type
of
bioassay
are
being
developed
(1).
Growth
experiments
often
require
two
or
three
weeks
of
incubation,
but
preliminary
results
can
sometimes
be
detected
after
only
one
or
two
days.
Long
incubation
periods
may
allow
an
original
source
of
potential
nutrient
to
degrade
to
an
available
form
(such
as
a
poly-
phosphate
compound
degrading
to
orthophosphate).
There-
fore,
it
is
sometimes
desirable
to
expose
the
algae
to
the
potential
nutrient
for
relatively
short
periods
of
time
and
then
transfer
them
to
another
medium
to
grow
on
the
absorbed nutrient (2).
Some
factors
that
can
influence
the
results
of
nutri-
tional
tests
are
the
type,
the
source,
and
the
amount
of
algae
used,
and
the
n
ut
r
i
e
n
t
s
c
a
r
r
i
e
d
over
wh
e
n
the
algae
are
a
d
d
e
d
t
o
t
h
e
t
e
s
t
m
e
d
i
a
.
T
h
e
a
l
g
a
e
t
o
b
e
u
s
e
d
m
u
s
t
b
e
r
e
a
d
i
l
y
a
v
a
i
l
a
b
l
e
a
n
d
m
u
s
t
r
e
s
p
o
n
d
to
t
h
e
n
u
t
r
i
e
n
t
s
o
f
i
n
t
e
r
e
s
t
.
In
a
d
d
i
t
i
o
n
,
t
h
e
s
e
l
e
c
t
e
d
s
p
e
c
i
e
s
s
h
o
u
l
d
r
e
p
r
e
s
e
n
t
p
r
o
b
l
e
m
-
c
a
u
s
i
n
g
s
p
e
c
i
e
s
,
s
i
n
c
e
n
o
t
a
l
l
a
l
g
a
e
w
i
l
l
r
e
s
p
o
n
d
s
i
m
i
l
a
r
l
y
t
o
t
h
e
s
a
m
e
e
n
v
i
r
o
n
m
e
n
t
.
T
h
e
r
e
i
s
f
r
e
q
u
e
n
t
c
o
n
t
r
o
—
v
e
r
s
y
o
v
e
r
w
h
e
t
h
e
r
t
h
e
n
a
t
u
r
a
l
f
l
o
r
a
o
f
a
w
a
t
e
r
s
a
m
p
l
e
s
h
o
u
l
d
b
e
u
s
e
d
f
o
r
n
u
t
r
i
e
n
t
b
i
o
a
s
s
a
y
s
o
r
w
h
e
t
h
e
r
a
s
t
a
n
d
a
r
d
i
z
e
d
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culture,
which
may
not
be
related
to
a
particular
flora
but
which
has
been
shown
to
respond
similarly
to
various
nutrients,
should be used instead.
As pointed out,
the alga to be used must be available when
the water is to be tested;
if the tests are to be run on
samples taken at spring overturn of a lake, the in situ algae
will probably not be the same as those which cause problems
in midsummer.
If the samples must be collected and stored
until a convenient time for the bioassays, it is probable that
the originial flora will no longer be present.
Several workers
have noted that the algal species composition of in situ tests
frequently changed when samples are confined for a few days
time, as seen in the replacement of phytoplankton by epiphytic
types of algae that had become attached to the walls of the
container. Therefore, except for certain specific studies,
the use of selected and tested species of algae is preferred
over the use of in situ algae for growth bioassays.
Algae are able to concentrate certain nutrients in excess
of their present needs when they are grown in media with
surplus nutrients and this factor must be taken into account
in selecting culture media and determining the amount of algae used.
The media effect on nutrition tests was demonstrated by Gerloff
and Skoog (3).
alga, Microcystis aeruginosa (Wis. 1036), cultured in a
medium with low nitrogen (6.8 mg N/liter) would not grow when
transferred to a medium lacking nitrogen, but Microcystis
from a medium with surplus nitrogen for maximum growth (27 mg
N/liter) was able to increase twofold in a medium lacking
They showed that the planktonic blue-green
nitrogen.
Ger
lof
f a
nd
Sko
og
(3)
als
o s
how
ed
tha
t M
icr
ocy
sti
s f
rom
 
i
1
u
l
I
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a medium with excessive phosphorus (1.8 mg P/liter) could
increase fourfold when transferred to a medium lacking phos—
phorus. They performed a series of 30 experiments using the
green algae ChloreZZa pyrenoidosa (Wis. 2005) and Selenastrum
capricornutum (PAAP), and the blue-green algae Microcystis
and Anabaena ons aquae (Ind. 1444). The results revealed
that there was no significant further growth in media
lacking nitrogen or phosphorus with algal inoculation levels
of from 10,000 to 1 million cells/ml from the relatively dilute
PAAP medium (4.7 mg N/liter and 0.2 mg P/liter).
Thus if algae are cultured in relatively dilute media,
the amount of growth in subsequent media will be dependent
on the nitrogen or the phosphorus of the latter media,
regardless of inoculum size.
However,
if algae are pre-
cultured
in
more
concentrated
media,
such
as
Allen's
(4)
(178
mg
N/liter
and
45
mg
P/liter)
or
Gorham's
(5)
(82 mg
N/liter
and
7
mg
P/liter),
Selenastrum
could
increase
two-
to
threefold
in
nitrogen-free
media
and
fourfold
in
phosphorus—
free
media.
The
growth
that
occurs
in
media
free
of
nitrogen
or
phosphorus
is
due
to
surplus
nutrients
(luxury
consumption)
inside the algal cells.
Therefore,
the
amount
of
algae
added
to
test
media
from
more
concentrated
media
should
be
low
enough
that
the
excess
nutrients
in
the
cells
would
be
insignificant
compared
with
the
nutrients
in
the
test
media.
Statistical
analysis
has
shown
that
the
lowest
concentration
of
algae
that
could
be
readily
measured
by
cell
counts
using
a
hemocytometer
was
100,000
cells/ml
(100
cells,
:
20,
in
175
m
i
c
r
o
s
c
o
p
e
fields);
thus
i
n
o
c
ul
a
t
i
o
n
s
at
levels
less
than
100,000
c
e
l
l
s
/
m
l
should
be
e
m
p
l
o
ye
d
wh
e
n
cells
from
r
e
l
a
t
i
ve
l
y
c
o
n
c
e
n
t
r
a
t
e
d
m
e
d
i
a
are used.
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b
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i
n
g
c
e
l
l
s
i
n
m
e
d
i
a
l
a
c
k
i
n
g
t
h
e
n
u
t
r
i
e
n
t
s
of
i
n
t
e
r
e
s
t
(e.g.,
b
y
c
e
n
t
r
i
f
u
g
i
n
g
a
n
d
r
e
s
u
s
p
e
n
d
i
n
g
i
n
d
i
s
t
i
l
l
e
d
w
a
t
e
r
c
o
n
t
a
i
n
i
n
g
50
m
g
/
l
i
t
e
r
N
a
H
C
O
3
)
.
T
h
e
s
e
n
s
i
t
i
v
i
t
y
o
f
g
r
o
w
t
h
t
e
s
t
s
c
a
r
r
i
e
d
o
u
t
w
i
t
h
t
h
e
s
e
p
r
e
c
a
u
t
i
o
n
s
c
a
n
b
e
e
v
a
l
u
a
t
e
d
b
y
t
h
e
m
i
n
i
m
u
m
d
e
t
e
c
t
a
b
l
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
t
h
e
n
u
t
r
i
e
n
t
s
o
f
i
n
t
e
r
e
s
t
.
B
y
w
a
s
h
i
n
g
t
h
e
g
r
e
e
n
a
l
g
a
S
e
l
e
n
a
s
t
r
u
m
f
r
o
m
a
n
y
n
u
t
r
i
e
n
t
m
e
d
i
u
m
a
n
d
i
n
o
c
u
l
a
t
i
n
g
t
o
a
c
o
n
c
e
n
t
r
a
t
i
o
n
of
50,000
cells/ml,
according
to
the
m
e
a
s
ur
e
m
e
n
t
s
used,
con—
c
e
n
t
r
a
t
i
o
n
s
of
various
nutrients
as
low
as
those
p
r
e
s
e
n
t
e
d
in
Table
1
wi
l
l
c
o
n
s
i
s
t
e
n
t
l
y
yi
e
l
d
i
n
c
r
e
a
s
e
d
growth.
M
e
a
s
ur
e
m
e
n
t
s
m
o
r
e
s
e
n
s
i
t
i
ve
than
those
indicated
will
make
it
p
o
s
s
i
b
l
e
to
detect
lower
concentrations
of
nutrients.
Table
1.
Minimum
Detectable
Concentrations,
mg/liter,
of
Nutrients
by
Growth
of
Selenastrum
when
Algal
Growth
is
Measured
by
Different
Techniques
Absorbance,
Cell
counts,
by
Chlorophyll
a,
Nutrient
1
cm,
750
mu
hemocytometer
by
fluorometry
N
0.2
0.1
0.1
P
0.02
0.01
0.01
Mg
0.02
0.01
0.01
S
0.02
0.01
0.01
Fe
0.002
0.001
0.001
By using data on the relationship between nutrients and
the amount of algae produced, the amount of nutrients required
to produce a heavy bloom of algae in a eutrophic lake can
be calculated.
During the summers from 1915 through 1957, the
more eutrophic lakes in the MadiSOn, Wisconsin, area (Lakes
Waubesa and Kegonsa) usually contained blooms of algae such
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that a 20-cm white secchi disc would disappear at depths of
50
to
100
cm,
and
the
dry
wei
ght
of
suc
h b
loo
ms
amo
unt
ed
to
5 t
o 2
0 m
g/l
ite
r.
If
we
ass
ume
tha
t a
lga
e a
bso
rb
the
ir
nut
rie
nts
and grow in the layers of water in which they are found, the
concentrations of nutrients in Table 2 would be approximately
those required to support the growth of a 20 mg/liter bloom
of algae.
In order to evaluate the reproducibility of data on the
relation between algal growth measurements and nutrient levels
in natural waters, the amount of growth attained by Selenastrum
was measured by three to five tests in each of eight samples
Table 2. Concentrations of Nutrients Required for the
Development of a "Bloom" of Algaea Based on the
Amount of Growth Attained Experimentally per
Milligram of Nutrient
Concentration required,
Nutrients
mg/liter
N
0.3b
P 0.02b
S 0.05
Mg 0.02
Fe
0.002
a . .
20
mg/liter
(dry
weight);
secchi
disc
reading
of
less than 50 cm.
b
The
values
for
N
and
P
are
1.5
and
0.15
mg/liter,
respect-
ively,
when
calculated
from
chemical
composition
data
on
normal bloom algae.
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o
f
a
u
t
o
c
l
a
v
e
d
w
a
t
e
r
t
a
k
e
n
f
r
o
m
t
h
r
e
e
l
a
k
e
s
i
n
t
h
e
M
a
d
i
s
o
n
'
area.
C
o
n
c
e
n
t
r
a
t
i
o
n
s
of
available
n
i
t
r
o
g
e
n
in
five
s
e
p
a
r
a
t
e
tests
of
a
Lake
M
e
n
d
o
t
a
surface
wa
t
e
r
sample,
c
o
l
l
e
c
t
e
d
and
p
r
e
s
e
r
v
e
d
o
n
A
u
g
u
s
t
17,
1970,
a
n
d
a
s
s
a
y
e
d
d
u
r
i
n
g
D
e
c
e
m
b
e
r
1970,
we
r
e
0.15,
0.17,
0.20.
0.20
and
0.25
mg
N/liter.
This
degree
of
reproducibility
is
typical
for
bioassays.
The
level
of
available
nitrogen
in
six
surface
water
samples
collected
in
midsummer
1970
was
about
0.2
mg
N/liter,
whereas
a
hypo—
1imnion
sample
contained
1.2
mg
N/liter,
and
a
surface
sample
collected
in
December
contained
0.5
mg
N/liter.
These
values
correlate
well
with
levels
of
NH
+
+
NO
-
—
N
obtained
by
4 3
chemical
analyses
of
similar
samples.
The
availability
of
different
forms
of
nutrients
can
also
be
evaluated
by
growth
experiements.
Certain
relatively
insoluble
sources
of
nutrients
(e.g.,
iron—phosphorus
compounds
and
teeth
for
phosphorus,
hair
for
nitrogen,
pyrite
for
iron,
and
marble
for
carbon)
were
readily
used
by
algae,
whereas
other
sources,
including
the
nitrogen
or
phosphorus
of
aerobic
lake muds
or
the
nitrogen
or phosphorus
contained
in
other
live plants, were relatively unavailable.
EXTRACTIVE
AND
ENZYMATIC
ANALYSES
FOR
PHOSPHORUS
An extractive procedure can be used to differentiate
between algae that have surplus or stored phosphorus and those
that are phosphorus limited.
Algae and aquatic weeds con-
taining adequate phosphorus will release more than 0.08 mg
P04-P/100 mg (dry weight) of plant material when extracted
in a boiling water bath for 1 hr. For example, after three
weeks of culture in a sample of Lake Wingra water, the
extractable PO4~P of the blue-green alga Microcystis sp. was
0.036 mg PO4-P/100 mg of algae, whereas in a lake sample
fortified with additional PO4-P (7.2 mg P/liter) the extracts
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of
Mi
cr
oc
ys
ti
s
co
nt
ai
ne
d
0.
32
mg
PO
4-
P/
10
0
mg
.
Th
er
ef
or
e,
th
is
ex
tr
ac
ti
ve
pr
oc
ed
ur
e
ca
n
be
us
ed
to
me
as
ur
e
th
e
ph
os
—
ph
or
us
-n
ut
ri
ti
on
al
st
at
us
of
al
ga
e
or
aq
ua
ti
c
we
ed
s
an
d
to
fo
ll
ow
th
e
ef
fe
ct
s
of
en
vi
ro
nm
en
ta
l
ch
an
ge
s
th
at
mi
gh
t
in
fl
ue
nc
e
th
e
ph
os
ph
or
us
nu
tr
it
io
n
of
pl
an
ts
(6
).
We
al
so
kn
ow
th
at
ph
os
ph
or
us
-l
im
it
ed
pl
an
ts
wi
ll
ha
ve
25
ti
me
s
as
mu
ch
al
ka
li
ne
ph
os
ph
at
as
e
ac
ti
vi
ty
as
pl
an
ts
gr
ow
n
wi
th
su
rp
lu
s
ph
os
ph
or
us
.
An
al
ys
is
of
al
ka
li
ne
ph
os
ph
at
as
e
ac
ti
vit
y
can
thu
s
be
use
d
to
co
nf
ir
m
tha
t
pl
an
ts
wi
th
low
ext
ra
ct
ab
le
PO4
-P
lev
els
are
ali
ve
but
li
mi
te
d
in
ph
os
—
pho
rus
.
The
two
pro
ced
ure
s
hav
e b
een
use
d t
oge
the
r t
o d
ete
ct
lo
ng
—te
rm
nut
ri
ti
on
al
cha
nge
s,
suc
h
as
sea
son
al
cha
nge
s
in
the
ava
ila
bil
ity
of
pho
sph
oru
s
in
lak
e w
ate
rs
or
rec
ent
add
iti
ons
of
ava
ila
ble
pho
sph
oru
s.
Pla
nts
tha
t h
ave
onl
y r
ece
ntl
y b
een
exp
ose
d t
o i
ncr
eas
ed
sup
pli
es
of
ava
ila
ble
pho
sph
oru
s h
ave
hig
her
ext
rac
tab
le
PO4
-P
but
als
o h
ave
rel
ati
vel
y h
igh
alk
ali
ne
pho
sph
ata
se
act
ivi
tie
s,
bec
aus
e t
he
alk
ali
ne
pho
sph
omo
noe
ste
ras
e
con
ten
t i
s o
nly
low
ere
d b
y d
ilu
tio
n t
hro
ugh
gro
wth
of
the
cel
l
under adequate phosphorus conditions.
During the period of July 22 to 31, 1968, the CZadophora
sp. along the shore of Lake Mendota appeared to be phosphorus
limited in that very little PO4-P could be extracted (0.03 to
0.07 mg/lOO mg of algae) and relatively high alkaline phos-
phatase activities were recorded (ca. 1000 units/mg of algae).
There was a sudden increase in extractable PO4—P from the
CZadophora during the period of August 5 to 7, 1968 (probably
associated with the 1.4 in. of rain occurring then). The
values rose to 0.12 mg PO4—P/100 mg on August 6, although the
algae still had 1500 units of alkaline phosphatase per
milligram. With growth under surplus phosphorus conditions
(probably associated with a lack of competition because there
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were
few
phytoplankton
present;
secchi
depth
of
2.5
m),
by
August
29
the
Cladophora
had
0.17
mg
of
extractable
PO4
-P/100
mg,
but
only
90
units
of
alkaline
phosphatase
per
milligram.
The
use
of
the
extractive
procedure
in
laboratory
studies
of
the
availability
of
phosphorus
sources
has
indicated
that
10
mg
of
either
the
green
alga
CZadophora
sp.
or
leaves
of
the
aquatic
weed
Myriophyllum
sp.
could
detect
concentrations
as
low
as
0.04
mg
P/liter.
When
phosphorus-limited
CZadophora
sp.
from
Lake
Wingra
was
tested
under
aerobic
conditions
in
the
laboratory,
it
was
shown
that
1%
or
less
of
the
phosphorus
of
various
lake
muds
was
available
to
the
algae
(7).
RATE
OF
AMMONIA ABSORPTION
FOR
NITROGEN
NUTRITION
Plants
that
are
limited
by
the
supply
of
available
nitrogen are able to absorb ammonia
(NH4—N)
in the dark 4 to
5 times more rapidly than plants with adequate or surplus
nitrogen (8).
The effect of changes in the environmental
supply of nitrogen to in situ algae or aquatic weeds can be
followed, and different sources of nitrogen can be evaluated
in laboratory experiments by adding NH4-N after a l—hr in-
cubation using 10 to 20 mg of plant material.
Examples of the results of this test are presented in
Table 3, which shows the influence of rain on the nitrogen
nutrition of the green algae Spirogyra sp. and Cladophora
Related data have
shown that 4 to 7 days of sunny weather during midsummer can
sp. from different lakes in Wisconsin.
cause the algae growing in the surface waters of the Madison,
Wisconsin, lakes to become nitrogen limited; however, rain
will provide enough available nitrogen to cause their rate
 
110
of NH4—N absorption to decrease and their colors to change
from yellow to bright green.
Table 3. Effect of Rain on Nitrogen Nutrition of Algae
 
Micrograms of NH4-N
absorbed/(10 mg)(hr)
 
Before After
Algae Source Date Rain Rain
Spirogyra sp. Salmo Pond June 7, 1967 16 8
CZadophora sp. Lake Mendota June 7, 1969 18 6
CZadophora sp. Lake Mendota June 12, 1970 24 7
CZadophora sp. Monona Bay July 22, 1970 14 2
An interesting correlation has been made between the nitrogen
nutrition of filamentous algae or aquatic weeds and the growth
of epiphytic algae. Observations in the field and in controlled
laboratory tests have indicated that plants growing for a week
or more in the presence of surplus nitrogen usually become
coated with epiphytic algae. Therefore, the presence of a
dense coating of epiphytes on algae is an indication that the
algae have had surplus nitrogen available in their immediate
history (9). ‘
DISCUSSION
Growth tests with algae in water samples can determine
the relative ability of different water samples to support the
growth of algae, which nutrient may be limiting the growth of
algae, and how algae will respond to an increase in a nutrient
or a combination of nutrients. Suppose that the objective is
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to
determine
the
relative
level
of
eutrophication
or
the
ability
of
water
samples
to
support
the
growth
of
algae
by
comparing
either
different
lakes
or
different
areas
or
depths
in
one
lake.
The
first
step,
then
is
to
determine
the
re-
producibility
of
the
tests
to
be
applied.
If
results
from
five
tests
of
preserved
lake
water
indicate
that
there
was
a
range
of
obtained
values
for
the
available
nitrogen
between
0.15
to
0.25
mg
N/liter,
then
a
difference
of
50%
between
two
lake
water
samples
having
values
near
these
concentrations
should
not
be
considered
significant.
The
value
of
bioassays
is
the
record
of
responses
of
algae
to
growth
conditions,
and
responses
with
some
vari—
ability
can
be
expected
in
any
survey.
Of
course
it
is
first
necessary
to
determine
the
amount
of
difference
among
results that constitutes significance,
so that minor
differences
that
may
reflect
the
researcher's
own
opinions
will not be taken seriously.
Once critical evaluations
of
the reproducibility of growth bioassays are established
for
different
concentration
ranges
of
the
essential
nutrients,
the growth potential of different waters would be a valuable
tool: the relative eutrophication of lakes could be esta-
blished, sources of nutrients that have meaningful effects on
a lake could be identified, and tests could be made of
nutrient removal processes that might have a practical
effect on the lacustrine environment.
Another function of growth bioassays is to determine
how the algae in a lake environment would respond to increases
in certain nutrients, thereby indicating which nutrient(s)
might be considered most likely as the limiting factor for
the growth of algae in that water sample. An increase in
growth due to the addition of a nutrient (nutrient spiking)
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is the most logical response to determine but, as has been
pointed out, a week or more of incubation might be required.
It is obvious that if increasing quantities of a limiting
nutrient are added to a water sample, eventually another nutrient
is forced to become the limiting factor. In order to keep
some perspective on the addition of nutrient spikes, a response
to an added nutrient should be sought that is significantly
different from the normal variations in bioassays. The quan—
tity of a nutrient that causes a two— to fivefold increase in
growth might be appropriate. For instance, if growth in oli-
gotrophic waters is to be measured by cell counts or fluorometry
measurements, the lower
level of a series of N spikes could
be 0.2 mg N/liter. If a sample water is relatively fertile
(e.g., hypolimnion waters containing 1 mg N/liter), the response
to a spike of 0.2 mg N/liter could be lost in the normal va-
riability to be expected, and it would take a spike of about
1 mg N/liter or more to give a significant increase.
When dealing with lakes of known nutrient content,
it
might
be possible
to
select
spikes
that
give
significant
response the first time they are tried.
However, if samples of
unknown
nutrient content are being tested,
a relatively wide
range of spikes is necessary
to lessen the chance of missing the
concentration that could produce a significant response.
It
is
here
that
short-term
informative
tests,
such
as
fluorometry
or 14C, can be especially valuable.
Since growth of algae in lake water samples can be limited
by
two
or
more
nutrients
in
close
succession,
spikes
of
com-
binations
of
nutrients
that
might
be
significant
must
also
be
tested.
The
most
obvious
nutrients
to
test
are
nitrogen,
phosphorus,
and
iron
(also
silicon,
if
diatoms
are
important
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in
the
lake
flora).
It
is
thus
evident
that
a
great
deal
of
preliminary basic research should be carried out in order to
limit the ranges of combinations of nutrients to be tested
to those most frequently giving significant results.
Because the
possible combinations of concentrations and nutrients
in an
unknown sample of lake water that could be significant may be
very large,
bioassays should be approached with the View that
one test may not answer all the questions.
Indeed,
it might be
better to be prepared to run several tests,
each based on
results of the previous
one.
The results of these tests will
give information that can be used to develop a rational
framework
for dealing with practical problems.
Descriptions have been presented of short-term bioassays
that measure changes in certain enzymatic activities or chemical
fractions that reflect meaningful nutrient changes.
A great
deal of information about significant sources of nutrients and
the comparative nutritional status of plants from different
environments can be obtained from such tests.
However, as in
growth tests, caution must be used in the interpretations placed
on the data collected. If algae attached to a substrate in
an environment, such as Cladophora sp. along a lake shore,
are used, it can be reasonably assumed that changes in the
nutritional status of the test algae were due to changes
in the environment.
If phytoplankton are tested, it is very
difficult to be sure that changes recorded are due to envi-
ronmental changes since it is possible that different phyto-
plankton populations have been sampled.
It has been pointed out that the same species of algae
collected at different depths in a lake could have different
nutritional characteristics:
Gloeotrichia Sp: from subsurface
samples of Lake Mendota contained surplus phosphorus (0.36 mg
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of
PO4-P
extracted/100
mg
of
algae),
whereas
GZoeotrichia
from
surface
samples
were
phosphorus
limited
(0.12
mg
of
PO4-P/100
mg)
Two
interpretations
of
such
results
would
be
that:
l.
Algae
in
the
surface
water
had
exhausted
the
supply
of
available
phosphorus
at
a
time
when
subsurface
waters
had
not
yet
been
stripped
of
theirs,
probably
because
fewer
algae
are
present
in
subsurface
waters.
2.
The
light
intensity
at
subsurface
environments
was
low
enough
that
algae
from
these
depths
had
not
yet
been
forced
to
use
their
surplus
stored
nutrients,
whereas
the
light
intensity
at
the
surface
forced
higher
meta-
bolic
rates
to
be
maintained
in
order
to
overcome
the
effects
of
h
i
g
h
light
intensities.
One
assumption
that
can
be
made
is
that
algae
growing
in
surface
waters,
such
as
CZadophora
sp.,
change
in
significant
ways
wh
e
n
the
surface
wa
t
e
r
s
cease
to
be
able
to
p
r
o
vi
d
e
adequate
n
i
t
r
o
g
e
n
or
p
h
o
s
p
h
o
r
us
for
the
g
r
o
wt
h
of
algae
in
the
high
light
intensities
of
the
surface
waters.
Algae
at
lower
depths
and
lower
light
intensities
will
require
longer
p
e
r
i
o
d
s
b
e
t
we
e
n
n
ut
r
i
e
n
t
supplies
to
show
a
lack
of
a
d
e
q
ua
t
e
n
i
t
r
o
g
e
n
or
p
h
o
s
p
h
o
r
us
in
their
environment.
W
h
e
n
a
b
l
o
o
m
of
M
i
c
r
o
c
y
s
t
i
s
sp.
w
h
i
c
h
i
s
n
o
t
l
i
m
i
t
e
d
i
n
n
i
t
r
o
g
e
n
o
r
i
n
p
h
o
s
p
h
o
r
u
s
s
u
d
d
e
n
l
y
a
p
p
e
a
r
s
a
t
t
h
e
s
u
r
f
a
c
e
o
f
L
a
k
e
M
e
n
d
o
t
a
,
it
m
a
y
be
a
s
s
um
e
d
that
the
surface
wa
t
e
r
s
c
o
n
t
a
i
n
a
d
e
q
ua
t
e
n
i
t
r
o
g
e
n
or
p
h
o
s
p
h
o
r
us
to
support
this
amount
of
algal
growth.
In
fact,
however,
these
algae
have
only
recently
ascended
to
the
surface,
a
n
d
t
h
e
n
u
t
r
i
e
n
t
s
u
p
p
l
y
o
f
t
h
e
s
u
r
f
a
c
e
w
a
t
e
r
s
is
n
o
t
r
e
l
a
t
e
d
t
o
t
h
e
i
r
n
u
t
r
i
t
i
o
n
a
l
s
t
a
t
u
s
.
F
u
r
t
h
e
r
m
o
r
e
,
i
f
b
i
o
a
s
s
a
y
s
a
r
e
c
a
r
r
i
e
d
o
u
t
w
i
t
h
m
i
x
t
u
r
e
s
o
f
n
i
t
r
o
g
e
n
-
f
i
x
i
n
g
a
n
d
n
o
n
n
i
t
r
o
g
e
n
-
f
i
x
i
n
g
p
h
y
t
o
p
l
a
n
k
t
o
n
,
i
t
m
i
g
h
t
b
e
d
i
f
f
i
c
u
l
t
t
o
i
n
t
e
r
p
r
e
t
t
h
e
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results,
since
the
nitrogen-fixing
species
could
be
phosphorus
limited
and
the
nonfixing
algae
could
be
nitrogen
limited
but have surplus phosphorus.
Thus tests with in situ algae
must be frequent enough so that trends can be followed and
careful scrutiny given to the species composition of samples
tested at different times.
The evaluation of nutrient sources, such as rain as a
source of nitrogen in in situ tests or the lack of availability
of the nitrogen or phosphorus from aerobic lake muds in field
or laboratory tests, leads to judgments about the relative
importance for algae of the different nutrient sources. It
must be borne in mind, however, that only certain environmental
conditions are being evaluated with each test. Rains in certain
portions of the United States contain little or no available
nitrogen compounds, whereas the Midwest area annually obtains
about 10 lb. of nitrogen per acre (20) from this source.
Surface aerobic lake muds have notrevealed significant
nitrogen and phosphorus sources when tested by several bio—
assay techniques. However, in nature these muds are stratified
and are anaerobic not too far from the mud-water interface.
The interstitial waters of such muds do contain available
nitrogen and phosphorus compounds. Therefore, by disturbing
in situ anaerobic muds it would be possible to release certain
amounts of available nutrients that would never be determined
by tests of aerobic muds alone. Here again, it is always
important to check results for significance, and to check
for the significance of the results to the aquatic environment.
SUMMARY
In
ord
er
to
det
erm
ine
the
bio
log
ica
l a
vai
lab
ili
ty
of
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algal
nutrients
in
a
sample
of
water
and
to
measure
the
response
to
changes
in
the
growth-limiting
nutrient,
the
following tests can be used:
1.
1.
 
Growth
attained
by
selected
algae
can
be
measured
in
spiked
and
untreated
samples
(as
much
as
2
to
3 weeks of incubation required).
Available
nitrogen
of
the
sample
can
be
calculated
from
NH4-N
absorption
rates
after
incubation
with
nitrogen—limited
algae
(1
or
2
days
incubation
required).
Available
phosphorus
of
the
sample
can
be
calculated
from
increases
in
extractable
PO4—P
after
incubation
with
phosphorus-limited
algae
(l
or
2
days
incu—
bation required).
To
determine
if
an
environment
or
a
source
of
nutrient
has
supplied
adequate
or
limiting
amounts
of
nitrogen
or
p
h
o
s
p
h
o
r
us
for
in
situ
algae
or
aquatic
weeds,
the
f
o
l
l
o
wi
n
g
information can be used:
N
i
t
r
o
g
e
n
-
l
i
m
i
t
e
d
a
l
g
a
e
o
r
a
q
u
a
t
i
c
w
e
e
d
s
w
i
l
l
a
b
s
o
r
b
N
H
4
-
N
i
n
t
h
e
d
a
r
k
a
t
r
a
t
e
s
g
r
e
a
t
e
r
t
h
a
n
15
u
g
NH4-N/(10mg) (hr).
P
h
o
s
p
h
o
r
u
s
—
l
i
m
i
t
e
d
a
l
g
a
e
o
r
a
q
u
a
t
i
c
w
e
e
d
s
w
i
l
l
h
a
v
e
l
e
s
s
t
h
a
n
0
.
0
8
m
g
o
f
e
x
t
r
a
c
t
a
b
l
e
P
O
4
-
P
p
e
r
1
0
0
m
g
of
p
l
a
n
t
m
a
t
e
r
i
a
l
and
will
have
r
e
l
a
t
i
ve
l
y
high
a
l
k
a
l
i
n
e
p
h
o
s
p
h
a
t
a
s
e
a
c
t
i
v
i
t
i
e
s
(
8
0
0
t
o
1
6
0
0
u
n
i
t
s
/
m
g
)
.
T
h
e
f
o
l
l
o
w
i
n
g
is
a
s
u
m
m
a
r
y
o
f
l
i
m
n
o
l
o
g
i
c
a
l
f
a
c
t
s
r
e
c
e
n
t
l
y
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c
o
r
r
o
b
o
r
a
t
e
d
by
bioassay
analyses:
1.
The
nutritional
status
of
certain
species
of
algae
can
vary
from
lake
to
lake,
or
even
from
different
areas
or
depths
in
the
same
lake,
on
the
same
sampling
date;
subsurface
samples
of
planktonic
algae
have
been
shown
to
have
surplus
nitrogen
or
phosphorus
at
times
when
the
same
species
in
surface
waters
were
nitrogen
or
phosphorus
limited.
2.
Lake
Mendota
algae
contain
surplus
nitrogen
and
phosphorus
in
spring,
can
become
nitrogen
or
phosphorus
limited
(at
the
same
time
or
independently)
during
summer,
and
yet
have
surplus
nitrogen
and
phosphorus
again
after
the
fall
overturn.
This
pattern
may
represent
the
changes
that
take
place
in
similar
eutrophic
lakes
with
spring
and
fall
overturns.
3.
Rain
can
be
a
significant
source
of
available
nitrogen
to
algae
in
surface
waters
in
the
Madison
lakes.
Less
dramatic
increases
in
available
phosphorus
were
also
associated
with
certain
rains.
4.
Filamentous
green
algae,
such
as
CZadophora
sp.,
and
aquatic
weeds
that
have
been
in
an
environment
con—
taining
surplus
nitrogen
for
a
week
or
more
are
usually
visibly
coated
with
epiphytes
(i.e.,
have
a
brown
appear-
ance).
5.
In
certain
laboratory
environments,
solubility
is
not
a
limiting
factor
in
the
nutrition
of
algae,
since
the
equilibrium
between
soluble
and
insoluble
nutrients
allows
algae
to
compete
successfully
with
insoluble
forms
of nutrients.
   
118
6.
Factors
other
than
insolubility
prevent
the
nitrogen
or
phosphorus
of
certain
samples
of
aerobic
lake
muds
from
being
readily
available
for
the
growth
of
algae;
phosphorus-limited
Spirogyra
sp.
have
been
found
growing
through
layers
of
muds
with
0.1%
total
phosphorus
content.
7.
The
nutrients
of
live
algae
and
aquatic
weeds
are
not
effectively
available
to
other
plants
even
when
n
ut
r
i
e
n
t
—l
i
m
i
t
e
d
plants
are
m
i
xe
d
wi
t
h
plants
c
o
n
t
a
i
n
i
n
g
surplus
nutrients.
When
plants
c
o
n
t
a
i
n
i
n
g
surplus
n
ut
r
i
e
n
t
s
a
r
e
k
i
l
l
e
d
,
h
o
w
e
v
e
r
,
t
h
e
i
r
n
u
t
r
i
e
n
t
s
b
e
c
o
m
e
a
v
a
i
l
a
b
l
e
f
o
r
n
u
t
r
i
e
n
t
-
l
i
m
i
t
e
d
p
l
a
n
t
s
.
T
h
e
r
e
f
o
r
e
,
t
h
e
r
e
is
a
n
o
b
v
i
o
u
s
e
c
o
l
o
g
i
c
a
l
p
r
e
f
e
r
e
n
c
e
f
o
r
t
h
e
p
h
y
s
i
c
a
l
h
a
r
v
e
s
t
i
n
g
o
f
o
b
n
o
x
i
o
u
s
g
r
o
w
t
h
s
o
f
a
q
u
a
t
i
c
w
e
e
d
s
t
h
a
t
,
i
f
k
i
l
l
e
d
b
y
c
h
e
m
i
c
a
l
t
r
e
a
t
m
e
n
t
,
c
o
u
l
d
r
e
l
e
a
s
e
s
o
m
e
o
f
t
h
e
i
r
n
u
t
r
i
e
n
t
s
t
o
t
h
e
l
a
k
e
w
a
t
e
r
i
n
f
o
r
m
s
a
v
a
i
l
a
b
l
e
f
o
r
t
h
e
g
r
o
w
t
h
o
f
algae.
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APPENDIX
ANALYSIS OF NUTRIENT CONTENT BY GROWTH*
A. EXTRACTIVE ANALYSIS FOR PHOSPHORUS (P) NUTRITION
1. Materials
a. Algae or leaves of aquatic weeds--1O to 80 mg samples,
in triplicate.
b. Gorham's medium (-N—P) (Hughes et al., 1968).
c. Boiling water bath.
d. Ortho-PO4-P analysis (APHA, 1965).
e. Dry weight oven (110°C).
2. Procedure
a. Place 10 to 80 mg samples of washed (Gorham's (-N-P)
medium) plant material in 40 m1 of Gorham (-N-P)
medium.
b. Extract in boiling water bath for 60 min.
c. Analyze supernatant for ortho-PO -P.
4
d. Collect algal debris and measure dry weight.
g
3.
Calculations
a
Report
ortho—PO4-P
extracted
as
milligrams
of
PO
-P
4
extracted
from
100
mg
of
plant
material
(dry
weight
basis).
4. Sensitivity
In
situ
phosphorus-limited
algal
samples
or
phosphorus-
limited
algal
cultures
exposed
to
potential
sources
of
phosphorus
can
be
used
to
detect
as
low
as
0.04
mg
P/liter
using
lO-mg
samples
of
algae.
*
D
e
t
a
i
l
s
o
f
t
h
e
S
t
a
n
d
a
r
d
i
z
e
d
A
l
g
a
l
A
s
s
a
y
P
r
o
c
e
d
u
r
e
c
a
n
b
e
o
b
t
a
i
n
e
d
f
r
o
m
Dr.
T.E.
M
a
l
o
n
e
y
,
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
,
P
a
c
i
f
i
c
N
o
r
t
h
we
s
t
W
a
t
e
r
Laboratory,
Corvallis,
Oregon
97330.
  
  
B.
ENZYMATIC ANALYSIS FOR PHOSPHORUS (P) NUTRITION
l.
121 1
Definition _
Extracted algae that give less than 0.08 mg PO4—P/100 mg
algae are considered to be phosphorus-limited.
Materials
a. Algae or leaves of aquatic weeds--1 to 20 mg samples,
in triplicate.
b. Gorham's medium (-N-P).
c. Buffer solution—-1M tris, 0.01M MgCl adjusted to pH
2!
8.5 with acetic acid.
d. p-Nitrophenyl phosphate solution-~30 mg/100 ml.
e. Incubator-~35 to 370C.
f. Colorimeter--395 mu.
Procedure
a. Place 1 to 20 mg of washed (Gorham's (-N—P) medium)
plant material in 32 ml of Gorham's (—N-P) medium.
b. Add 4 ml of buffer and 4 ml of p-nitrophenyl phosphate
solution.
c. Incubate with occasional mixing for 15 to 60 min. at
35 to 37°C.
d. Analyze supernatant for nitrophenol (395 mu).
e. vCollect plant material for dry weight analysis (110°C).
Calculations
Report results as units of enzyme per milligram (dry weight)
of plant material. One unit of alkaline phosphatase is
defined as the amount of enzyme liberating 1 mumole of
nitrophenol per hour;
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Sensitivity
Phosphorus—limited algae will have as much as 25 times
more alkaline phosphatase activity than algae with sur-
plus phosphorus. However, the alkaline phosphatase of
phosphorus-limited algae only decreases with growth
under adequate phosphorus conditions, so this test is
most appropriate for in situ analyses rather than for
evaluating nutrient sources in short-term laboratory tests.
C. RATE OF AMMONIA ABSORPTION FOR NITROGEN (N) NUTRITION
1. Materials
a. Algae or aquatic weed leaves—-5 to 20 mg samples, in
triplicate.
b. Gorham's (~N-P) medium.
c. NH4-N stock-—0.l mg NH4-N/ml.
d.
NH4—N analysis by Nesslerization using Rochelle
salt
(APHA, 1965).
Procedure
a.
Place
5 to
20
mg
samples
of
washed
(Gorham's
(—N-P)
medium)
plant
material
in
30
ml
of
Gorham's
(-N—P)
medium.
b.
Add
1
ml
of
NH
-N
stock
(0.1
mg
N).
4
c.
Incubate
in
dark
at
room
temperature
with
occasional
mixing for 1 hr.
d.
Analyze
supernatant
for
NH4-N.
e.
Collect
plant
material
for
dry
weight
analysis.
Calculations
Report
results
as
m
i
c
r
o
g
r
a
m
s
of
N
H
4
-
N
a
b
s
o
r
b
e
d
per
10
mg
(dry weight) x hour.
123
Sensitivity
Nitrogen—limited
algae
absorb
NH4-N
in
the
dark
4 to
5
times
faster
than
algae
with
adequate
nitrogen.
This
test
can
be
used
for
detection
of
potential
sources
of
nitrogen
by
using
1 day or
more
incubation
periods
with
nitrogen—limited
algae.
Lower
limits
of
detection
have
not
been
established,
but
10 mg
of
algae
can
be
used
to
detect as little as 0.05 mg of nitrogen.
Definition
Algae with ammonia
absorption rates of more
than 15 ug
N/lO mg x hour are considered to be nitrogen—limited.
 
a
,
w
e
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E
C
O
L
O
G
Y
O
F
T
H
E
C
L
A
D
O
P
H
O
R
A
N
I
C
H
E
Littoral
areas
are
the
most
productive
and
important
part
of
a
lake.
A
rocky
rubble
substrate
supports
a
high
production
of
macroinvertebrates
and
provides
shelter
and
spawning
shoals
for
our
most
prized
fish
species.
This
zone
of
the
lower
lakes
has
undergone
a
fundamental
change
in
only
a
few
decades.
The
rocks
are
no
longer
covered
by
a
thin
diatom
association,
but
by
a
heavy
meadow
of
CZadophora
that
is
present
from
May
until early winter.
In
describing
the
areas
occupied
by
CZadophora,
Boscor
and
Judd
(1970)
state,
"Compared
to
many
other
communities,
aquatic
or
terrestrial,
this
littoral
CZadophora—based
com—
munity
is
an
unstable
one,
in
the
sense
that
it
is
subject
to
rather
wide
amplitude
fluctuations.
The
populations
are
therefore probably more
"physically controlled" than regulated
by active competition."
"The overall diversity is very low. The community is
basically composed of approximately seven main species divided
into three major groups. Indications are that all of these
organisms exist on a specialized trophic level of primary
consumption."
Judd and Boscor (1974) indicated that the community was
composed of seven taxa, Amphipoda, Diptera, Oligochaeta,
Gastropoda, Hirudinea, Turbellaria and Tricoptera, and that
of the forty-two species identified, thirty—seven belonged
to the first three groups. Only one species of Amphipoda,
Gammarus fusca was present.
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,
Se
as
on
al
ch
an
ge
s
in
th
e
fa
un
al
co
mp
os
it
io
n
of
CZ
ad
op
ho
ra
be
ds
ha
ve
be
en
no
te
d
by
Ju
dd
wh
o
st
at
es
th
at
"t
he
re
is
a
cl
ea
r
se
as
on
al
ch
an
ge
in
nu
me
ri
ca
l
do
mi
na
nc
e
of
th
e
th
re
e
ma
jo
r
ta
xa
."
Du
ri
ng
th
e
su
mm
er
,
th
e
Ol
ig
oc
ha
et
es
av
er
ag
e
92
%
of
th
e
sa
mp
le
s,
Di
pt
er
a
7%
an
d
Am
ph
ip
od
a
le
ss
th
an
1%
.
In
the
fal
l,
the
Am
ph
ip
od
s
bec
ame
the
pr
ed
om
in
an
t
gro
up
co
mp
ri
si
ng
84%
of
the
sam
ple
s,
whi
le
Dip
ter
a i
ncr
eas
ed
to
15.
2%
and
the
Ol
ig
oc
ha
et
es
bec
ame
les
s
tha
n
1%.
A
tab
le
in
a
Gin
a
Nuc
le
ar
Pow
er
rep
ort
bas
ed
on
Moo
re'
s s
tud
ies
giv
es
the
num
ber
of
Gammarus per gram (organic dry weight) of CZadophora. The
samples were taken in June and August over a three—year period
(1969—71) from 1.5 meters of water. The mean number of Gammarus
per gram of organic dry weight in June was 19 and August, 162.
Taft and Kishler (1973) provide a very vivid description
of the development and seasonal changes of the CZadophora bed
and its associated community which includes qualitative informa-
tion on associated epiphytes, protozoans and macroinvertebrates.
Frequent mention is made of the use of the beds for carp
spawning. They describe the drift phase as follows: "CZado-
phora drift is more than accumulated nutrients, heavy metals
and insecticides. Adherents and entanglements include pro-
teinaceous blue-green epiphytes, calcium encrusted Gongrosira,
carp eggs haloed with mold, mating gammarids, crystalline
caddis houses, dolomite particles plucked with holdfasts,
lodged silt, duck droppings, willow twigs and fish hooks are
among those sharing the predominantly cellulose vehicle to
its terminus.
Drift contributes towards a varied and poorly
sorted soft bottom.
Its adherents reflect on the time and
place of its origin."
The
ultimate
fate
of
CZadophora
has
not
been
described.
Undoubtedly,
it
moves
to
deeper
water
where
it
settles,
de—
composes,
and
supports
an
enriched
bottom
fauna.
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N
o
p
u
b
l
i
s
h
e
d
i
n
f
o
r
m
a
t
i
o
n
c
o
u
l
d
be
f
o
u
n
d
o
n
t
h
e
f
i
s
h
species
associated
with
CZadophora
beds.
Studies
are
under
way
at
the
State
University
College
at
Oswego
on
the
species
composition
of
larval
fish
associated
with
growth
areas.
It
will
be
of
particular
interest
to
learn
which
species
are
affected
beneficially.
Conversely,
and
more
difficult
to
d
e
t
e
r
m
i
n
e
will
be
information
on
those
d
e
t
r
i
m
e
n
t
a
l
l
y
affected.
Shoal
spawning
walleye,
Whitefish
and
lake
trout
have
all
decreased
almost
to
the
point
of
extinction
in
both
Lake
Erie
and
L
a
k
e
Ontario.
Did
CZadophora
play
a
role?
Christie
(1973)
raises
this
possibility.
He
states
that,
"when
the
crops
of
the
alga
break
off
to
drift
in
the
lake,
the
filaments
ultimately
fragment
and
sink,
to
make
a
fine
sediment
which
could
affect
the
shoreline
and
shoal
spawning
areas,
where
Whitefish
and
lake
trout
eggs
must
overwinter.
In
Lake
Ontario,
the
presence
of
the
alga
has
altered
the
productivity
of
the
limestone
reefs
substantially.
The
dense
beds
of
CZadophora
provide
food
and
shelter
for
huge
populations
of
the
amphipod
Gammarus,
and
these
in
turn
attract
and
perhaps
encourage
large
populations
of
yellow
perch.
Perch
proliferated
in
the
eastern
outlet
basin
of
Lake
Ontario
after
collapse
of
the
Whitefish
stocks,
and
it
was
suggested
that
improved
littoral
food
supplies
may
have
contributed
to
this."
Circumstantial
evidence
suggests
that
during
the
period
of
its
takeover
in
the
lower
lakes,
the
quality
of
the
fishery
has
declined
but
the
production
of
fish
has
increased.
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"ECOLOGY
OF
THE
CLADOPHORA
NICHE"
BY Mr. John Judd
State
University
of
New
York
Albany, New York
Masses
of
Cladophora
cover
large
areas
of
the
inshore
region
of
lakes
Erie
and
Ontario
and
are
present
in
varying
amounts
in
lakes
Michigan,
Huron
and
Superior.
The
algae
provides,
by
its
seasonal
cycle,
a changing
habitat
for
a
unique
community
of
animals,
many
of
which
are
not
generally
present
in
other
inshore
regions
of
the
lakes.
The community within Lake Ontario is composed of at
least seven taxa:
Amphipoda,
Diptera, Oligochaeta,
Gastropods,
Hirudinea, Turbellaria and Tricoptera. Of the 42 species
identified to date, 37 belong to the first three groups.
Most taxa are present in the CZadophora mats that cover much
of the inshore region of the southern portion of the lake.
During the summer, Oligochaeta (mainly Naididae) are
the most numerous organisms in the community. In the fall,
the Amphipoda, Gammarus fasciatus, dominates. Populations
seem to be "physically controlled" by changing conditions in
the CZadophora mats rather than regulated by active competition.
Cladophora also appears to provide a feeding area for
both adult and larval fish. It also provides protection for
the larva. In addition, the algae itself serves as a storage
for heavy metals and radioisotopes and has been shown to be
toxic to mosquito larva.
s
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Points
Raised
Following
Presentation:
 
——
Real
inshore
data
are
lacking
on
CZadophora
ecology
because
of
technical
difficulties.
—-
The
biological
indicators
associated
with
CZadophora
are
more
indicative
of
stream
ecology
than
lake
ecology.
—-
It
has
been
observed
that
fauna
associated
with
CZadophora
m
i
g
r
a
t
e
wi
t
h
changes
in
the
life
cycle
of
CZadophora.
 
 
 CONTROL
The
control
of
CZadophora
growths
might
be
achieved
by
limiting
plant
nutrients,
physical
removal,
the
use
of
algi-
cides
or
through
some
biological
control
agent.
Limitation
of
Plant
Nutrients
The
International
Joint
Commission,
following
its
studies
of
the
lower
lakes,
recommended
the
reduction
of
phosphorus
as
a
prime
objective.
One
of
the
serious
manifestations
of
eutrophication
identified
was
the
growth
of
CZadophora
in
littoral
areas
and
phosphorus
reduction
was
a
means
by
which
they
anticipated
the
problem
would
be
reduced.
This
recommendation
has
been
implemented,
and
by
1975
approximately
80%
of
the
contribution
from
municipal
effluents
to
the
lower
lakes
should
have
been
removed.
The
facts
are
not
yet
available
however
to
predict
the
effects
of
these
removals
on
Cladophora
growths.
It
is
suggested
that
perhaps
a
minimum
level
of
phosphorus
is
required
to
establish
growths,
beyond
which
nitrogen
determines
the
biomass
that
develops.
If
effective
controls
are
to
be
achieved
therefore,
phosphorus
levels
will
have
to
be
reduced
to
the
point
where
it
becomes
the
limiting
nutrient.
What
this
level
is
and
whether
it
can
be
achieved
is
not
known
at
this
time.
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Physical Removal
Du
ri
ng
th
e
co
ur
se
of
th
e
in
te
rv
ie
ws
,
th
e
au
th
or
qu
es
ti
on
ed
in
di
vi
du
al
s
on
wh
et
he
r
th
ey
we
re
aw
ar
e
of
ef
fe
ct
iv
e
or
in
ov
at
iv
e
me
an
s
of
ph
ys
ic
al
ly
re
mo
vi
ng
CZ
ad
op
ho
ra
fr
om
th
e
gr
ow
th
be
ds
or
ac
cu
mu
la
ti
on
s
al
on
g
th
e
sh
or
e.
No
se
ri
ou
s
at
te
mp
t
at
ha
rv
es
ti
ng
gr
ow
th
fr
om
pr
od
uc
in
g
ar
ea
s
in
th
e
la
ke
ha
s
be
en
at
te
mp
te
d
to
da
te
,
no
r
we
re
th
er
e
an
y
id
ea
s
ex
pr
es
se
d
as
to
ho
w
th
is
mi
gh
t
be
do
ne
.
If
pr
og
re
ss
in
th
is
re
ga
rd
is
to
be
ma
de
,
so
me
ec
on
om
ic
use
for
the
pla
nts
app
ear
s
ne
ce
ss
ar
y
to
pr
ovi
de
an
in
ce
nt
ive
for
dev
elo
pme
nt
wor
k o
n m
ech
ani
cal
har
ves
tin
g e
qui
pme
nt.
Re-
mov
al
fro
m t
he
bed
s w
oul
d n
ot
lik
ely
pro
vid
e c
omp
let
e p
ro-
tec
tio
n f
or
bea
ch
are
as,
but
alo
ng
sho
rel
ine
s o
f s
pec
ial
importance for recreational or industrial uses, it could
provide sufficient protection to permit continued use of the
water without unreasonable labour or costly intake structures.
The additional benefits of removal of plant for the develop-
ment of a food resource makes the investigation of mechanical
harvesting attractive.
The removal of shoreline accumulations is widely practiced
in park areas and by individuals attempting to maintain
swimming beaches in a usable condition. Those contacted
during the course of the interviews used hand labour to pile
up the algae and a front—end loader to load trucks, generally
on a daily basis. The York rake appears to be a common
collecting device which is useful, both on beaches and in the
water (a tractor—mounted, stiff-toothed, grading and culti—
vating implement). The Ministry of Natural Resources cons-
tructed a beach-cleaning machine to collect algae from the
shoreline and in the water. It was used this year at Presqu'ile
Provincial Park and found to be effective. iodifications to
increase its material—handling capacity are currently being made.
   
Most
beaches
in
the
lower
lakes
are
affected
by
dead
alewives
as
well
as
algal
accumulations,
and
hand
raking
appears
to
be
the
most
effective
cleanup
procedure
for
both
problems
when
labour
is
available
and
the
quantities
of
algae
are
not
large.
When
very
large
quantities
of
CZadophora
come
ashore,
large
front—end
loaders
and
bulldozers
have
frequently
been
used
to
remove
or
bury
accumulations,
but
park
operators
find
that
large
quantities
of
sand
are
removed
in
the
operation
and
the
shoreline
is
damaged
by
the
heavy
machinery.
No
means
have
yet
been
developed
to
clean
rocky
shorelines
and
these
are
left
for
nature
to
take
its
course.
Chemical Control
The
Ontario
Ministry
of
the
Environment
appears
to
have
been
the
only
agency
that
has
made
a
serious
attempt
to
evaluate
algicides
as
a
means
of
controlling
Cladophora.
A
screening
procedure
was
developed
to
evaluate
the
potential
algicidal
properties
of
available
chemicals.
In
this
procedure,
a
small
quantity
of
the
plant
material
was
placed
in
3 liters
of
lake
water
to
which
several
levels
of
the
algicide
to
be
tested was
added.
Two
exposure
periods were used
(1 and 4 hours),
after which the plants were
transferred
to
clean
water
and
examined
microscopically
after
1,
3 and 6 days and the percentage of cell damage estimated.
In all,
some 67 chemicals were evaluated by this procedure.
Hydrothol (Pennsalt) and Aqualin (Shell) were found to be the
most effective, and field trials were conducted on one- to
fifteen-acre plots in both Lake Ontario and Lake Erie.
Hydrothol gave fairly consistent control and Aqualin good
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control in some instances. Both chemicals, however, are toxic
to fish at below the levels applied, and while no significant
mortality occurred in field trials, it is unlikely that
control authorities would or should authorize the use of
these chemicals today. Extensive field tests were carried
out with copper sulfate and poor control was achieved at
concentrations up to 10 ppm.
The lack of sensitivity of CZadophora to high concentra—
tions of copper is at variance with data published by Whitton
(1970). Fitzgerald indicated during the interviews that
CZadophora was sensitive to Algimycin PLL—C, an organic
copper formulation, in laboratory tests, but no field
testing has been conducted.
Betzer
and
Kott
(1969)
reported
results
of
the
effects
of
halogens
and
copper
sulfate
and
combinations
thereof
on
Cladophora.
In
general,
the
results
of
these
experiments
indicated
that
control
would
not
be
achieved
at
practical
concentrations
in
the
aquatic
environment.
Gerloff
during
discussions
suggested
that
manganese
was
toxic
in
culture
experiments
and
might,
therefore,
be
worthy
of
further
study.
Biological Control
CZadophora
does
not
appear
to
be
consumed
intentionally
in
quantity
by
any
major
group
of
aquatic
fauna.
A
reference
by
Trautman
(1947)
reports
it
to
be
a
food
item
of
black
ducks
and
mallards,
and
Coyle
(1930)
found
it
to
be
a
minor
component
present
in
stomach
analysis
of
the
fathead
minnow
(Pimephales
promelas).
Sturgeon
m
a
y
also
consume
CZadophora,
p
e
r
h
a
p
s
f
o
r
t
h
e
i
n
v
e
r
t
e
b
r
a
t
e
s
t
h
e
y
c
o
n
t
a
i
n
(
H
a
r
k
n
e
s
s
a
n
d
Dymond 1961).
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U
Z
a
d
o
p
h
wr
a
beds
form
the
habitat
for
m
a
n
y
a
q
ua
t
i
c
in—
vertebrates,
but
it
appears
that
the
fauna
living
in
association
with
the
plant
are
feeding
on
epiphytes
or
other
organisms
and
using
C
v
a
a
p
h
o
r
a
for
attachment
or
cover.
As
Cladophora
has
a
tremendous
productivity
during
the
active
growing
seasons
and
few
species
eat
it
directly,
there
seems
little
hope
of
control
through
grazing
by
native
aquatic
herbivores.
Several
persons
contacted
during
the
interviews
suggested
that
viruses
should
be
looked
at
as
a
possible
means
of
control,
but
were
unaware
of
any
studies
in
this
regard.
Suggestions
by
Sweeney
for
a
careful
study
of
the
nature
of
the
holdfast
to
determine
whether
a
means
of
preventing
attachment
could
be
developed,
and
a
study
of
the
mechanisms
which
triggered
its
release
as
a
means
of
causing
an
early
detachment
are
worthy
of
further
consideration.
In
the
course
of
the
interviews,
Dr.
Taft
mentioned
that
a
new
species
of
red
alga,
Bangia
atropurpurea,
has
recently
been
introduced
into
the
Great
Lakes,
and
is
rapidly
extending
its
range.
Bangia
is
an
attached,
cold-water
alga
that
occupies
much
the
same
habitat
as
Cladophora.
It
commences
growth
earlier
and
could
be
a
significant
competitor
for
space
and
nutrients
if
it
develops
as
a
significant
component
of
the
Great
Lakes
periphyton
community.
Conclusion
The
most
practical
means
of
controlling
CZadophora
growths
at
present
is
by
the
reduction
of
essential
nutrients.
Cleanup
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operations
of
shoreline
accumulations
are
only
practical
on
clear
beach
areas
where
the
use
of
mechanical
equipment
is
possible.
There
is
little
on-going
work
directed
towards
the
development
of
algicides,
biological
controls
or
mechanical
e
q
ui
p
m
e
n
t
to
harvest
the
growing
plant.
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"CONTROL OF CLADOPHORA"
BY Dr. Duncan McLarty
University
of
Western
Ontario
London, Ontario
The
fact
that
this
workshop
has
been
scheduled
is
indication
enough
of
the
concern
which
is
felt
regarding
the
excessive
production
of
Cladophora
in
the
Great
Lakes
and
the
circum—
stances
which
make
this
production
inevitable.
A
few
procedures
and
attitudes,
which
may
ultimately
lead
to
the
solution
of
our
problem,
are
presented
as
a
stimulus
to
thought
and
dis-
cussion.
Chemical Control
The
results
are
unpredictable
using
chemical
control.
Historically,
a
variety
of
compounds
have
beenapplied
as
aquatic
herbicides
and,
more
recently,
potentially
more
efficient
products
have
been
introduced.
They
treat
only
the
symptoms
and
may
represent
a
serious
threat
to
the
environment.
Limited
applications
in
small
bodies
of
water
for
specific
purposes
may
be
acceptable.
Mechanical Control
Beach
accumulations
of
Cladophora
may
be
removed
by
various
mechanical
means.
However,
nature
tends
to
frustrate
man's
efforts
by
rapidly
replacing
the
accumulations
or,
conversely,
by
removing
the
accumulations
before
operations
have
begun.
Techniques
which
have
been
devised
for
the
removal
of
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crops of rooted aquatics have not been applied to fresh growths
of CZadophora so far as the speaker is aware. In rocky areas
colonized by the alga, quite different equipment will be
required.
Extensive applications of these procedures, each of which
has the advantage of actually reducing the production potential,
would be hastened by the discovery of an adequate market for
the product.
Biological Control
At the moment this appears
to be a forlorn hope since
the
alga
has
few
predators
or
pathogens.
In
view
of
successes
registered
elsewhere,
however,
it
remains
an
attractive
prospect.
Nutrient Control
Many
agree
that
CZadophora
requires,
aside
from
a
firm
substrate
in
water
of
suitable
depth,
a
rich
nutrient
supply.
There
is
a
research
need
to
determine
the
threshold
concen-
trations
of
nutrients
for
CZadophora
growths.
Some
preference
is
shown
for
organic
wastes.
To
strike
directly
at
the
heart
of
the
problem,
consideration
should
be
given
to
the
elimination
of
some
agricultural
and
domestic
o
r
g
a
n
i
c
wa
s
t
e
s
and,
in
the
c
a
s
e
of
t
h
e
l
a
t
t
e
r
at
least,
t
o
t
h
e
r
e
m
o
v
a
l
f
r
o
m
t
r
e
a
t
e
d
w
a
s
t
e
s
of
n
u
t
r
i
e
n
t
e
l
e
m
e
n
t
s
wh
i
c
h
,
at
p
r
e
s
e
n
t
,
a
r
e
a
l
l
o
w
e
d
t
o
f
l
o
w
f
r
e
e
l
y
i
n
t
o
t
h
e
a
q
u
a
t
i
c
h
a
b
i
t
a
t
.
Changes in our Life Style
P
e
r
h
a
p
s
w
e
m
u
s
t
l
e
a
r
n
t
o
p
r
o
d
u
c
e
l
e
s
s
w
a
s
t
e
.
P
e
r
h
a
p
s
w
e
m
u
s
t
n
o
l
o
n
g
e
r
b
e
c
o
n
t
e
n
t
t
o
t
r
a
n
s
f
o
r
m
a
n
d
t
r
a
n
s
p
o
r
t
o
u
r
 wastes
in
the
process
of
exporting
our
eutrophication
potential.
To
reclaim
and
recycle
these
nutrients
is
the
only
viable
answer.
even the
the will
Research
The
technology
is
undoubtedly
within
our
grasp
and
economic
aspects
may
be
overcome
once
we
develop
to accept the challenge.
needs
suggested
following
this
presentation:
There
must
be
a
predictive
capability
to
determine
what
effects
certain
actions
will
have
on
partially
eutrophic waters.
How
can
the
public
be
persuaded
to
change
its
life
patterns?
Can
oil
spill
technology
be
used
to
clean
up
CZadophora
growths?
Biological control research must be encouraged.
Dr.
Taft suggested consideration of a fungus to attach
to Cladophora at its sporulation phase.
A chronicle of past nuisance growths in large bodies
of waters is required, stating water quality para-
meters, physical observations, etc.
 
l4l
E
C
O
N
O
M
I
C
I
M
P
A
C
T
C
Z
a
d
o
p
h
o
r
a
h
a
s
t
wo
p
o
s
s
i
b
l
e
e
c
o
n
o
m
i
c
i
m
p
a
c
t
s
o
n
t
h
e
G
r
e
a
t
L
a
k
e
s
,
a
c
o
s
t
a
n
d
a
p
o
t
e
n
t
i
a
l
b
e
n
e
f
i
t
.
T
h
e
c
o
s
t
c
o
m
e
s
f
r
o
m
i
n
t
e
r
f
e
r
e
n
c
e
w
i
t
h
r
e
c
r
e
a
t
i
o
n
,
i
n
d
u
s
t
r
i
a
l
-
m
u
n
i
c
i
p
a
l
w
a
t
e
r
u
s
e
a
n
d
p
e
r
h
a
p
s
t
h
e
f
i
s
h
e
r
y
,
a
n
d
a
p
o
t
e
n
t
i
a
l
b
e
n
e
f
i
t
c
o
u
l
d
c
o
m
e
t
h
r
o
u
g
h
t
h
e
d
e
v
e
l
o
p
m
e
n
t
o
f
u
s
e
f
u
l
C
Z
a
d
o
p
h
o
r
a
p
r
o
d
u
c
t
s
a
n
d
g
r
e
a
t
e
r
fish production.
W
a
t
e
r
U
s
e
I
m
p
a
i
r
m
e
n
t
 
T
h
e
m
o
s
t
a
p
p
a
r
e
n
t
e
f
f
e
c
t
is
i
n
t
e
r
f
e
r
e
n
c
e
in
r
e
c
r
e
a
t
i
o
n
a
l
a
c
t
i
v
i
t
i
e
s
.
T
h
e
p
e
r
i
o
d
w
h
e
n
C
Z
a
d
o
p
h
o
r
a
l
o
o
s
e
n
s
f
r
o
m
t
h
e
b
o
t
t
o
m
a
n
d
c
o
m
e
s
a
s
h
o
r
e
c
o
i
n
c
i
d
e
s
w
i
t
h
t
h
e
s
u
m
m
e
r
s
w
i
m
m
i
n
g
a
n
d
b
o
a
t
i
n
g
s
e
a
s
o
n
.
T
h
e
a
l
g
a
t
y
p
i
c
a
l
l
y
g
r
o
w
s
o
n
t
h
e
r
o
c
k
y
p
o
i
n
t
s
a
n
d
w
a
s
h
e
s
a
s
h
o
r
e
o
n
t
h
e
s
h
e
l
t
e
r
e
d
b
e
a
c
h
e
s
,
b
e
h
i
n
d
p
i
e
r
s
a
n
d
g
r
o
i
n
s
o
r
i
s
c
a
s
t
u
p
o
n
s
h
e
l
v
i
n
g
r
o
c
k
o
r
b
o
u
l
d
e
r
b
r
e
a
k
w
a
l
l
s
.
If
a
c
h
a
n
g
e
in
w
i
n
d
d
i
r
e
c
t
i
o
n
o
r
s
h
o
r
e
l
i
n
e
c
u
r
r
e
n
t
s
d
o
e
s
n
o
t
m
o
v
e
it
off,
it
e
i
t
h
e
r
d
r
i
e
s
o
r
r
e
m
a
i
n
s
w
e
t
w
h
e
r
e
it
w
i
l
l
d
e
c
o
m
p
o
s
e
o
v
e
r
a
p
e
r
i
o
d
of
s
e
v
e
r
a
l
days.
T
h
e
d
r
i
e
d
a
l
g
a
e
is
n
o
t
p
a
r
t
i
c
u
l
a
r
l
y
o
f
f
e
n
s
i
v
e
,
b
u
t
it
is
a
l
w
a
y
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
a
l
a
r
g
e
n
u
m
b
e
r
o
f
s
m
a
l
l
d
i
p
t
e
r
o
u
s
flies.
W
h
e
n
it
d
e
c
o
m
p
o
s
e
s
,
it
t
u
r
n
s
b
l
a
c
k
a
n
d
e
m
i
t
s
a
p
u
n
g
e
n
t
p
i
g
-
p
e
n
o
d
o
u
r
w
h
i
c
h
is
o
f
t
e
n
m
i
s
t
a
k
e
n
f
o
r
s
e
w
a
g
e
p
o
l
l
u
t
i
o
n
.
B
e
a
c
h
e
s
if
n
o
t
c
l
e
a
n
e
d
m
a
y
r
e
m
a
i
n
in
t
h
i
s
c
o
n
d
i
t
i
o
n
f
o
r
m
o
s
t
o
f
t
h
e
s
u
m
m
e
r
a
n
d
be
e
s
s
e
n
-
tially unused.
I
t
i
s
v
e
r
y
d
i
f
f
i
c
u
l
t
t
o
e
s
t
a
b
l
i
s
h
a
d
i
r
e
c
t
e
c
o
n
o
m
i
c
c
o
s
t
f
o
r
i
n
t
a
n
g
i
b
l
e
s
s
u
c
h
a
s
l
o
s
s
e
s
t
o
t
h
e
c
o
m
m
u
n
i
t
y
w
h
e
n
p
e
o
p
l
e
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do
not
come
to
resorts,
purchase
food,
or
travel
to
other—
wise desirable locations for their recreation.
Sweeney
in
personal
discussions
cited
several
examples
where
pollution
control
facilities
had
been
installed
and
beaches
became
usable
from
a
bacterial
standpoint,
but
remained
closed
because
the
stench
of
rotting
algae
made
them
unusable.
Poston
(1964)
reported
beach
closures
in
the
Chicago
area
of
Lake Michigan.
Two
managers
of
New
York
state
parks
mentioned
that
they
had
problems
when
odours
from
rocky
shorelines
that
could
not
be
cleaned
forced
campers
to
move
out.
M
a
j
o
r
costs
for
shoreline
i
m
p
r
o
ve
m
e
n
t
s
can
be
p
a
r
t
l
y
assessed
to
improvements
as
they
are
often
d
e
s
i
g
n
e
d
to
eliminate
pockets
where
algae
can
collect
and
decompose.
W
h
e
n
N
e
i
l
f
l
e
w
the
s
h
o
r
e
l
i
n
e
o
f
L
a
k
e
O
n
t
a
r
i
o
in
1974,
it
s
e
e
m
e
d
t
h
a
t
m
a
j
o
r
c
o
n
s
t
r
u
c
t
i
o
n
w
i
t
h
b
a
c
k
h
o
e
s
a
n
d
b
u
l
l
d
o
z
e
r
s
w
a
s
i
n
e
v
i
d
e
n
c
e
e
v
e
r
y
k
i
l
o
m
e
t
e
r
.
C
e
r
t
a
i
n
l
y
,
p
r
o
t
e
c
t
i
v
e
w
o
r
k
s
f
r
o
m
h
i
g
h
w
a
t
e
r
w
a
s
t
h
e
p
r
i
m
e
p
u
r
p
o
s
e
,
b
u
t
p
e
r
h
a
p
s
1
0
%
o
f
a
v
a
s
t
c
o
s
t
w
a
s
f
o
r
p
r
o
t
e
c
t
i
o
n
f
r
o
m
a
l
g
a
l
a
c
c
u
m
u
l
a
t
i
o
n
s
.
S
w
i
m
m
i
n
g
p
o
o
l
s
i
n
a
r
e
a
s
a
d
j
a
c
e
n
t
t
o
t
h
e
l
a
k
e
w
e
r
e
a
l
s
o
c
o
m
m
o
n
.
W
a
t
e
r
t
e
m
p
e
r
a
t
u
r
e
w
a
s
u
n
d
o
u
b
t
e
d
l
y
a
m
a
j
o
r
c
o
n
s
i
d
e
r
a
t
i
o
n
,
b
u
t
s
o
m
e
o
f
t
h
e
c
o
s
t
c
o
u
l
d
b
e
a
t
t
r
i
b
u
t
e
d
t
o
t
h
e
d
e
s
i
r
e
o
f
p
e
o
p
l
e
t
o
s
w
i
m
i
n
c
l
e
a
n
w
a
t
e
r
.
T
h
e
o
n
l
y
d
i
r
e
c
t
c
o
s
t
s
t
h
a
t
a
p
p
e
a
r
e
d
t
o
b
e
a
v
a
i
l
a
b
l
e
o
n
t
h
e
i
n
f
l
u
e
n
c
e
o
f
C
Z
a
d
o
p
h
o
r
a
o
n
r
e
c
r
e
a
t
i
o
n
w
e
r
e
f
i
g
u
r
e
s
o
b
t
a
i
n
e
d
f
r
o
m
p
r
o
v
i
n
c
i
a
l
a
n
d
s
t
a
t
e
p
a
r
k
a
g
e
n
c
i
e
s
.
C
a
r
e
f
u
l
r
e
c
o
r
d
s
o
f
a
c
t
u
a
l
c
o
s
t
s
a
r
e
n
o
t
k
e
p
t
a
n
d
u
n
d
e
r
n
o
r
m
a
l
c
i
r
c
u
m
s
t
a
n
c
e
s
,
p
a
r
k
s
t
a
f
f
a
n
d
e
q
u
i
p
m
e
n
t
a
r
e
u
s
e
d
f
o
r
s
h
o
r
e
-
c
l
e
a
n
i
n
g
o
p
e
r
a
t
i
o
n
s
.
T
a
b
l
e
N
o
.
6
i
s
b
a
s
e
d
o
n
e
s
t
i
m
a
t
e
s
s
u
p
p
l
i
e
d
b
y
s
e
v
e
r
a
l
p
a
r
k
s
u
p
e
r
i
n
t
e
n
d
e
n
t
s
o
f
t
h
e
i
r
a
n
n
u
a
l
b
e
a
c
h
-
c
l
e
a
n
i
n
g
c
o
s
t
s
i
n
r
e
c
e
n
t
years.
  
 T
a
b
l
e
6
 
M
e
a
n
A
n
n
u
a
l
C
o
s
t
o
f
B
e
a
c
h
-
C
l
e
a
n
i
n
M
a
n
D
a
y
s
L
a
b
o
u
r
C
o
s
t
g
O
p
e
r
a
t
i
o
n
s
g
g
u
i
p
m
e
n
t
U
s
e
d
g
g
u
i
p
m
e
n
t
C
o
s
t
T
o
t
a
l
C
o
s
t
 
D
a
r
l
i
n
g
t
o
n
P
r
o
v
.
P
a
r
k
4
5
$
1
,
3
5
0
P
r
e
s
q
u
'
i
l
e
P
r
o
v
.
P
a
r
k
1
8
0
5
,
4
0
0
O
u
t
l
e
t
P
r
o
v
.
P
a
r
k
1
8
0
5
,
4
0
0
S
e
l
k
i
r
k
S
h
o
r
e
s
S
t
a
t
e
P
k
.
6
0
1
,
8
0
0
H
a
m
l
i
n
B
e
a
c
h
S
t
a
t
e
P
k
.
6
0
1
,
8
0
0
F
a
i
r
h
a
v
e
n
B
e
a
c
h
S
t
a
t
e
P
k
.
N
o
A
l
g
a
e
E
s
t
i
m
a
t
e
b
a
s
e
d
o
n
$
3
0
p
e
r
m
a
n
d
a
y
l
a
b
o
u
r
$
1
0
0
p
e
r
d
a
y
T
r
u
c
k
a
n
d
F
r
o
n
t
L
o
a
d
e
r
.
T
a
b
l
e
7
P
a
r
k
s
F
r
o
n
t
i
n
g
o
n
O
p
e
n
L
a
k
e
L
a
k
e
O
n
t
a
r
i
o
T
o
t
a
l
P
a
r
k
s
P
a
r
k
s
w
i
t
h
S
w
i
m
m
i
n
g
 
U
.
S
.
*
2
3
1
3
C
a
n
a
d
a
*
*
6
5
*
F
r
o
m
U
.
S
.
D
e
p
a
r
t
m
e
n
t
o
f
I
n
t
e
r
i
o
r
(
1
9
6
6
)
*
*
I
n
c
l
u
d
e
s
o
n
l
y
P
r
o
v
i
n
c
i
a
l
a
n
d
F
e
d
e
r
a
l
P
a
r
k
s
.
F
r
o
n
t
L
o
a
d
e
r
and
Truck
A
l
g
a
e
C
o
l
l
e
c
t
o
r
,
Tractor,
Truck
F
r
o
n
t
L
o
a
d
e
r
a
n
d
T
r
u
c
k
F
r
o
n
t
L
o
a
d
e
r
a
n
d
T
r
u
c
k
F
r
o
n
t
L
o
a
d
e
r
a
n
d
T
r
u
c
k
$1,
500
9,000
6,000
2,000
2
,
0
0
0
Shore
L
a
k
e
E
r
i
e
T
o
t
a
l
P
a
r
k
s
 
nil
$ 2,850
1
4
,
4
0
0
1
1
,
4
0
0
3
,
8
0
0
3
,
8
0
0
1
4
3
P
a
r
k
s
w
i
t
h
S
w
i
m
m
i
n
g
 
5
9
1
1
34
1
1
I
n
f
o
r
m
a
t
i
o
n
o
n
M
u
n
i
c
i
p
a
l
P
a
r
k
s
n
o
t
a
v
a
i
l
a
b
l
e
.
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All park operators said that in the past year or two,
algal accumulations were less than normal, and generally
attributed this to high water levels. The standard cleaning
procedure is with hand rakes, York rake, tractor-mounted fron-
end loader and dump truck.
Often,
life guards are used for
cleaning small amounts of algae and special crews and hired
equipment brought in when necessary.
William Miller,
Park
Superintendent,
Hamlin
Beach
State
Park
described
instances
when
a
crew
of
ten
men,
eight
trucks
and
several
large
front—
end
loaders
were
required
to
clean
their
beaches,
and
450
metric
tons
of
CZadophora
were
removed
over
a
three-day
period.
Alewives,
floating
debris
and
litter
are
generally
collected
at
the
same
time
as
CZadophora.
Table
7
provides
some
indication
of
the
number
of
park
areas
located
on
the
lower
lakes.
Canadian
information
on
municipally—owned
parks
was
not
available.
No
attempt
was
made
to
estimate
the
total
cost
of
m
a
i
n
t
a
i
n
i
n
g
shorelines,
as
estimates
of
e
xp
e
n
d
i
t
ur
e
s
wo
ul
d
have
to
be
o
b
t
a
i
n
e
d
for
each
park
and
this
wo
ul
d
reflect
p
r
o
g
r
a
m
s
that
va
r
i
e
d
from
c
o
m
p
l
e
t
e
n
e
g
l
e
c
t
to
d
a
i
l
y
m
a
i
n
t
e
n
a
n
c
e
.
Property Values
D
e
c
r
e
a
s
e
d
v
a
l
u
e
o
f
s
h
o
r
e
l
i
n
e
p
r
o
p
e
r
t
y
i
s
o
n
e
e
c
o
n
o
m
i
c
f
a
c
t
o
r
o
f
t
e
n
m
e
n
t
i
o
n
e
d
,
b
u
t
d
i
f
f
i
c
u
l
t
to
q
u
a
n
t
i
f
y
.
A
p
a
r
t
-
i
c
u
l
a
r
l
y
u
s
e
f
u
l
a
n
d
i
n
t
e
r
e
s
t
i
n
g
s
t
u
d
y
o
f
t
h
i
s
p
r
o
b
l
e
m
w
a
s
r
e
p
o
r
t
e
d
b
y
O
r
m
e
r
o
d
(1970).
T
h
e
a
r
e
a
s
t
u
d
i
e
d
w
a
s
t
h
e
n
o
r
t
h
s
h
o
r
e
o
f
L
a
k
e
E
r
i
e
w
i
t
h
i
n
t
h
e
e
a
s
t
e
r
n
b
a
s
i
n
.
R
e
a
l
e
s
t
a
t
e
f
i
g
u
r
e
s
u
s
e
d
w
e
r
e
n
o
t
b
a
s
e
d
d
i
r
e
c
t
l
y
o
n
a
c
t
u
a
l
r
e
c
o
r
d
s
,
b
u
t
w
e
r
e
d
e
r
i
v
e
d
f
r
o
m
a
s
s
e
s
s
m
e
n
t
s
.
T
h
e
m
u
l
t
i
p
l
i
e
r
s
u
s
e
d
w
e
r
e
b
a
s
e
d
o
n
t
h
e
r
e
l
a
t
i
o
n
s
h
i
p
b
e
t
w
e
e
n
a
c
t
u
a
l
s
a
l
e
s
t
r
a
n
s
a
c
t
i
o
n
s
a
n
d
a
s
s
e
s
s
m
e
n
t
f
i
g
u
r
e
s
.
  
  
Ormerod concludes
that "algae have a definite and measure-
able effect on waterfront real estate values on the Lake Erie
northeast shore.
It was found that real estate fronted with
algae averaged 80 to 85 percent of the value of that with a
clean frontage.
That the difference is real in the statistical
sense was
determined
from
the
analysis
of
variance
technique.
However,
upon further testing
(t test for assessing differences),
it was
found that there was insufficient evidence to draw any
conclusions
in regard to the degree of contamination — i.e.
light algae frontage is not necessarily worth less than heavy
algae frontage."
"As
stated in the text,
a certain degree of pollution or
environmental degradation is expected and tolerated within
intensive
use
of
recreational
zones.
This
study
has
failed
to
establish
the
tolerance
threshold.
It
is
the
judgment
of
the researcher that the tolerance threshold is somewhat below
the level of the "light algae"
frontage classification used
in this study.
In other words,
real estate values
decline
very
sharply with initial small increments of algae until
they reach a certain stage of decline,
at which point the
rate of decrease is greatly diminished or approximately
unchanged.
If such is in fact the case,
this has very
grave
connotations
for
pollution
control
agencies
and
those
who would hope to improve the quality of the environment,
since in the case of algae relatively large losses are
incurred
at
a
very
initial
stage
of accumulation."
This study suggests that the value of property over
large areas of the lower lakes and perhaps Lake Michigan is
significantly
depressed
in
value.
It also
suggests
that
a
valid
method
may
be
available
to
determine
how mUCh
the
value
of property is depressed
in the lower
lakes by CZadophora
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and perhaps other water quality considerations.
The technique
used removed the influence of proximity to population centres,
topographic
features
and
other
extraneous
influences.
If
a
factor
of
even
10%
was
applied
to
property
values
fronting
on
affected
lakes,
the
cost
of
depreciated
water
quality
can
only
be
described
as
"staggering."
Effects
on
Municipal
and
Industrial
Supplies
Cladophora
does
not
create
a
major
problem
to
municipal
water
supplies.
Isolated
instances
are
recorded
(Poston
1966)
where
flows
through
screens
have
been
drastically
reduced,
and
in
one
instance
in
Ontario,
a
small
water
treatment
plant
was
abandoned
because
of
continuing
problems.
Generally,
intakes
are
designed
to
draw
water
from
above
the
bottom
at
as
deep
a
location
as
is
p
r
a
c
t
i
c
a
l
l
y
available,
so
that
the
actual
intake
site
is
g
e
n
e
r
a
l
l
y
o
ut
s
i
d
e
the
g
r
o
wt
h
a
r
e
a
s
a
n
d
a
t
a
d
e
p
t
h
w
h
e
r
e
t
u
r
b
u
l
e
n
c
e
f
r
o
m
w
a
v
e
a
c
t
i
o
n
d
o
e
s
n
o
t
r
a
i
s
e
t
h
e
a
l
g
a
e
t
o
t
h
e
l
e
v
e
l
o
f
t
h
e
i
n
t
a
k
e
.
I
n
d
u
s
t
r
i
a
l
w
a
t
e
r
i
n
t
a
k
e
s
g
e
n
e
r
a
l
l
y
f
o
l
l
o
w
t
h
e
s
a
m
e
e
n
g
i
n
e
e
r
i
n
g
d
e
s
i
g
n
a
n
d
a
r
e
t
h
u
s
f
r
e
e
f
r
o
m
e
x
c
e
s
s
i
v
e
q
u
a
n
t
i
t
i
e
s
o
f
C
Z
a
d
o
p
h
o
r
a
.
O
n
e
n
o
t
a
b
l
e
e
x
a
m
p
l
e
,
h
o
w
e
v
e
r
,
i
s
t
h
e
u
s
e
o
f
s
u
r
f
a
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i
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i
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c
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p
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i
e
s
.
O
n
t
h
e
U
.
S
.
s
i
d
e
,
t
h
e
r
m
a
l
p
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b
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u
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e
e
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n
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e
p
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b
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e
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c
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b
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b
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c
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b
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c
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n
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p
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i
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c
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c
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c
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0
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i
o
n
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T
h
i
s
p
l
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v
e
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a
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h
c
o
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s
e
d
p
r
i
n
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c
i
p
a
l
l
y
o
f
C
Z
a
d
o
p
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r
a
f
r
o
m
i
n
t
a
k
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c
r
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m
e
t
e
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p
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d
a
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a
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e
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o
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T
h
i
s
c
o
n
s
t
i
t
u
t
e
s
a
c
o
n
t
i
n
u
i
n
g
o
p
e
r
a
t
i
o
n
a
l
e
x
p
e
n
d
i
t
u
r
e
.
The
P
i
c
k
e
r
i
n
g
site
is
currently
un
d
e
r
g
o
i
n
g
a
m
a
j
o
r
e
xp
a
n
s
i
o
n
and
a
d
e
c
i
s
i
o
n
wi
t
h
r
e
s
p
e
c
t
to
the
intake
structure
has
yet
to
be
made.
The
cost
of
a
submerged
intake
is
in
the
order
of
$50,000,000,
and
while
a
number
of
considerations
will
influence
the
final
decision,
CZadophora
problems
will
be
an
important factor.
Effect on Fisheries
No
figures
appear
to
be
available
that
might
enable
a
quantitation
of
the
effect
of
Cladophora
on
the
fishing
industry.
These
effects
manifest
themselves
in
two
ways,
firstly,
by
affecting
the
fish
populations
through
environmental
change
and,
secondly,
by
interference
with
the
ability
of
the
industry to harvest the fish.
The
chapter
on
ecology
has
dealt
with
environmental
 
 fa
ct
or
s
an
d
su
gg
es
te
d
th
at
in
to
ta
l
th
e
pr
od
uc
ti
vi
ty
of
fi
sh
fo
od
an
d
co
ve
r
re
qu
ir
ed
by
so
me
sp
ec
ie
s
ha
s
in
cr
ea
se
d.
On
th
e
ot
he
r
ha
nd
,
th
e
po
pu
la
ti
on
s
of
ou
r
mo
st
va
lu
ab
le
fi
sh
,
al
be
it
le
as
t
pr
od
uc
ti
ve
in
te
rm
s
of
ki
lo
gr
am
s
pr
od
uc
ed
,
ha
ve
sh
ow
n
dr
as
ti
c
de
cl
in
es
mo
re
or
le
ss
co
-i
nc
id
en
ta
ll
y
wi
th
ch
an
ge
s
in
th
e
li
tt
or
al
en
vi
ro
nm
en
t.
No
st
at
is
ti
cs
ar
e
av
ai
la
bl
e
on
th
e
in
cr
ea
se
d
co
st
of
fi
sh
in
g
wh
er
e
th
e
us
e
of
ce
rt
ai
n
ty
pe
s
of
ne
ts
ar
e
pr
ec
lu
de
d,
or
the
cos
t
to
fi
sh
er
me
n
wh
en
the
y
mus
t
fis
h
in
mo
re
di
st
an
t
or
les
s p
rod
uct
ive
gro
und
s t
o p
rev
ent
the
los
s o
r d
ama
ge
to
gear
.
Gen
era
lly
, f
ish
erm
en
are
ada
pta
ble
ind
ivi
dua
ls
use
d t
o d
eal
ing
wit
h t
he
con
str
ain
ts
of
win
d a
nd
wea
the
r,
cha
ngi
ng
fis
hin
g g
rou
nds
and
gea
r,
and
the
lac
k o
f e
xpr
ess
ed
problems may simply be the result of "fishing around" the
problem.
Beneficial Uses
The concept of converting a problem into a resource is
a very attractive one. Cladophora is a problem only when
it interferes with property, the health, wealth or happiness
of people. If economic uses could be found for the material,
some measure of control might be paid for by the use or sale of
a useful product.
While collecting information from the literature and
during the interviews, studies which might have an application
to resource development were documented. Potential uses were
found to be in a preliminary stage of development, nonethe—
less, several possibilities are under investigation and are
worthy of comment.
The Ministry of the Environment currently has a contract
 
 149
with Limnos Ltd. to conduct studies on the potential use of
three vascular aquatic plants and CZadophora for animal fodder.
The collection of samples and preparation of foods was done
by Limnos and animal feeding trials are sub-contracted to the
Department of Animal Nutrition at the University of Guelph.
This study commenced in June, 1974, and while some ana-
lytical results are available, feeding trials on CZadophora
have not yet been started. Table 8 provides information on
nutritive analysis for two samples analysed in connection with
the above study and a previous set of samples analysed for
the Ontario Water Resources Commission. The information provided
indicates a good protein level, low fibre, high ash and fat levels
equivalent to other forage crops. The amino—acid spectrum in the
protein material is good. The analyses indicate Cladophora is
sim
ila
r o
r p
erh
aps
a l
itt
le
bet
ter
tha
n p
rim
e-q
ual
ity
alf
alf
a m
eal
with
resp
ect
to t
otal
prot
ein.
The
pote
ntia
l va
lue
of a
pell
etiz
ed
product if it compares to alfalfa in food value following feeding
trials is approximately $100 a ton, the current price of
alfalfa meal.
Jud
d
(19
72)
con
duc
ted
stu
die
s o
n t
he
use
of
CZa
dop
hor
a
fro
m L
ake
Ont
ari
o a
s a
fer
til
ize
r a
nd
mul
ch
for
gar
den
pla
nts
.
Com
par
ati
ve
obs
erv
ati
ons
wer
e m
ade
on
gra
ss,
cor
n a
nd
bea
ns
gro
wn
in
soi
l a
nd
san
d a
t t
wo
lev
els
of
CZa
dop
hor
a m
ixe
s
(25
% a
nd
50%
).
He
con
clu
ded
tha
t o
f t
he
pla
nts
tes
ted
the
mon
oco
ts
(gr
ass
and
cor
n)
sho
wed
the
gre
ate
st
res
pon
se,
es
pe
ci
al
ly
in
san
d,
and
att
rib
ute
d
the
ben
efi
ts
to
mo
is
tur
e
ret
ent
ion
,
soi
l
ae
ra
ti
on
and
add
ed
fer
til
ity
.
CZ
ad
op
ho
ra
has
bee
n
fou
nd
to
con
tai
n
as
yet
uni
de
nt
if
ie
d
bio
cid
al
pro
duc
ts.
Edk
ert
and
LaL
ond
e (
1974
) h
ave
rep
ort
ed
on
pre
lim
ina
ry
stu
die
s i
n w
hic
h v
ari
ous
sol
ven
t e
xtr
act
s
from Lake Ontario CZaaophora have beentested on mosquito
   
  
PL
AN
T
AN
AL
YS
IS
OF
LA
KE
ON
TA
RI
O
Ta
bl
e
8
NO.
OF
Z
K
ca
l/
g
CA
RO
TE
NE
%
SO
UR
CE
SA
MP
LE
S
AS
H
FI
BR
E
PR
OT
EI
N
FA
T
Ca
P
EN
ER
GY
IU
/k
g.
mg
/k
g.
N
FR
EE
EX
TR
AC
TS
 
U.
of
Gue
lph
Ju
ly
5/
74
36
.6
20
.4
15.
7
3.
24
4.
95
0.
18
2.
81
2
Oc
t.
19
/7
4
1
49
.5
14
.3
17
.9
1.
42
H
O.
W.
R.
C.
19
64
27
42
.3
9.
1
12
.7
2.
2
91
,0
53
54
.6
32
.2
1
5
0
  
151
larvae
in
laboratory
bioassays
and
found
to
be
toxic.
The
larvicidal
agent
has
not
been
identified,
so
that
quantitative
information
on
the
concentration
of
the
toxic
compound
is
not
available.
Studies
are
continuing.
Ishac
and
Bishai
(1967)
reported
on
a
possible
role
of
Cladophora
gZomerata
in
controlling
snails
that
are
the
host
of
Schistosoma
mansoni
in
Egypt.
They
found
that
snails
in
the presence of this alga were weakened,
fecundity was reduced
and adults ultimately died.
Leopold and Marton
(1974) reported on studies they
conducted on the potential use of Cladophora as a fibre
for paper—making. They found that the alga could be made into
a usable pulp which had a 70% yield by the alkali process and
that it could be bleached fairly readily with chlorine dioxide.
The pulp strength was low and the only promising uses were
as an additive to newsprint or corrugating medium and
board. The chemical and physical composition of the cell
wall of Cladophora rupestris was investigated by Cronshaw
(1958). Information on the cell wall fromelectron micrographs
and chemical analyses was reported which may be of significance
to future studies.
Percival and Young (1970-71) published information on
biochemical processes and the characterization of metabolic
products of several species of Cladophorales.
Reports by various agencies that Cladophora is a scavenger
of heavy metals and radioactive substances suggests that it
could be a useful means of removing low levels of these
contaminants from effluents. No definitive studies appear
to have been made of this potential use.
 
 Conclusion
The economic impact of CZadophora growths on the Great
Lakes has been little studied. The cost with respect to lost
business through interference with recreationalactivity,
depreciated property values and engineering of works to
prevent algae problems is very high, but cannotbe estimated
at this time.
The opportunity to develop beneficial uses from CZadophora
offers a great challenge to researchers interested in turning
an environmental problem into a natural resource.
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(a)
(b)
 
Growth requirements, physiology and life history.
Participants in the workshop discussed and agreed
that not enough is known of the basic biology of
CZadophora including the relative importance of
vegetative growth from perennial holdfasts, develop-
ment from zoospores and the mechanisms of detachment.
Physical and chemical conditions for growth have
been described, but do not provide information on
the role of turbidity, substrates and water currents
necessary to understand the basic requirements of the
algae.
Likewise, interrelationships with other
attached algae such as Ulothrix, PZectonema, Stigeo—
clonium and many forms of epiphytes should be better
understood. The effect of the recent introduction
and spread of Bangia, an alga that competes directly
with CZadophora has yet to be studied.
Nutritional factors limiting growth. To control
CZadophora through the management of lake fertility.
the limiting levels of those nutrients which can be
controlled must be known. Phosphorus is considered to
be the key element although nitrogen may play an important
role, and others such as iron and vitamins have
been suggested. Studies recommended to provide this
information include the bioassay procedure developed
by Fitzgerald, a careful comparison of existing
nearshore data for N and P in lakes at different
levels of productivity. The phenomenon of luxury
uptake should be studied to determine the significance
of short-term enrichment on subsequent production.
  
(d)
 
Measurement of present distribution, biomass and
production. Technology for measuring CZadophora
distribution is currently available using spectral
scanning techniques with computer processing. Water
clarity and surface conditions make overflights practical
for only a few days during the period of maximum biomass.
There is also the possibility that a measure of biomass
can be obtained at the same time, but further deve—
lopment work is required. Measurements of biomass
have been attempted by a number of investigators,
but it was concluded the existing data are based
on inadequate sampling procedures and thus not
capable of measuring changes in response to controls.
Remote sensing would provide an effective tool if
the technique can be developed. Methods for the
measurement of production are also required to
indicate changes within a lake and between lakes.
While no clear recommendation developed from the
discussion of production measurements, the use of
artificial substrates appeared to offer the greatest
potential.
A model
for use in predicting responses to changed conditions
Measurement and prediction of responses.
of light (turbidity from erosion), temperature
(effect of thermal discharges) and nutrients (effluent
controls) would be a valuable tool. Work on light
and temperature has been published but the key factor
of nutrient requirements has not been introduced.
 
To complete the model, basic information on limiting
nutrient levels and the role of luxury uptake and
water movement to nutrition and growth is required.
(e)
(f)
(g)
 
Significance of CZadophora in the ecology of the
lake.
the beds for spawning,
Quantitative studies of fish species using
feeding and protection are
required to determine whether desirable or undesirable
species are being favoured. Information is also
needed on the microhabitat within the growth areas.
The workshop concluded that the effects on dissolved
oxygen and sediments in deeper water where the bulk
of the crop decomposes was unknown, and that information
was needed on the contribution of heavy metals, pesticides
and radio- activity to the food chain from the benthic
community associated with decomposing Cladophora.
Mechanical, biological and chemical controls. It
was noted that mechanical controls were being used
on beach areas for simple cleanup operations. A
means to collect accumulations from rocky shores and
growth beds would be of value. If useful products
could be developed from CZadophora, there would be
an incentive for the development of harvesting
equipment. There is no work being done on biological
controls, although a number of possibilities were
suggested, including hormones to promote early release,
selective destruction of the holdfast, specific
viruses
and fungi and a study of potential
herbivores.
Chemical control by algicides has been
studied,
but
no safe products have yet been found capable of
working in the open shoreline environment.
Socio—economic
impact
on
lake
activities
and
uses.
The
workshop
concluded
that
CZadophora
imposes
a
large
cost
to
society
through
interference
with
 
  
recreation, effects on water supplies and devaluation
It is not known whether the
It could be
of property values.
alga benefits or harms the fishery.
a c
rop
of
eco
nom
ic
val
ue.
The
wor
ksh
op
con
clu
ded
that if the socio-economic effect of CZadophora on
the Great Lakes is to be measured, it should be done
by specialists in that field.
GENERAL CONCLUSIONS
 
l)
2)
3)
4)
5)
The limnologists participating in the workshop
concluded that CZadophorq was the most important
manifestation of eutrophication in Lake Ontario and
a major symptom in lakes Erie, Michigan and Huron.
CZadophora could be used as a general barometer of
lak
e c
ond
iti
on
if
its
dis
tri
but
ion
,
bio
mas
s a
nd
production could be measured quantitatively.
Sev
era
l i
mpo
rta
nt
mea
sur
ing
tec
hni
que
s a
re
ava
ila
ble
but
hav
e n
ot
yet
bee
n b
roa
dly
tes
ted
and
use
d,
i.e
.
rem
ote
sen
sin
g f
or
dis
tri
but
ion
,
and
ass
ays
of
nu—
tritional status of CZadophora.
The
rol
e
of
Cla
dop
hor
a
in
the
gen
era
l
eco
log
y
of
the
lak
e
is
lit
tle
kno
wn
and
sho
uld
be
inc
lud
ed
in
a b
io
lo
gi
ca
l
ma
pp
in
g
of
maj
or
com
pon
ent
s
of
the
 
Great Lakes biota.
The
ob
je
ct
ive
s
for
fis
her
y
pr
od
uct
io
n
for
eac
h
lak
e
sho
uld
be
es
ta
bl
is
he
d
as
CZa
dop
hor
a
is
be
li
eve
d
to
play a major role in determining fish species
composition and production.
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6)
7)
8)
9)
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Two basic types of inlake studies are recommended -
a detailed continuing investigation of water chemistry,
physical and biological conditions from within a
limited growth bed in each lake, and synoptic surveys
from a number of stations in each lake to obtain
comparative nutritional information, data on associated
faunal populations, and accumulation of heavy metals,
pesticides and radioactivity.
As
an
alternative
to
control,
the
development
of
economic
uses
for
Cladophora
offers
the
potential
of
changing a liability to an asset.
A
measurement
of
the
socio—economic
impact
of
CZadophora
on
the
Great
Lakes
should
be
made
by
specialists
in
this
area
of
endeavour.
To
direct
future
Cladophora
studies
and
co-ordinate
activities
of
various
research
and
funding
agencies,
a
task
group
should
be
established
and
operate
under
the aegis of the IJC.
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